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RECOMBINANT DNA RESEARCH
Guidelines

On Wednesday, June 23, 1976, the Di-
rector, National Institutes of Health,
with the concurrence of the Secretary of
Health, Education, and Welfare, and the
Assistant Secretary for Health, issued
guidelines that will govern the conduct
of NIH supported research on recombi-
nant DNA molecules. The NIH is also
undertaking an environmental impact
assessment of these guidelines for re-
combinant DNA research in accordance
with the National Environmental Policy
Act of 1969.

The NIH Guidelines establish carefully
controlled conditions for the conduct of
experiments involving th= production of
such molecules and their insertion into
organisms such as bacteria. These
Guidelines replace the recommendations
contained in the 1975 Summary State-
ment of the Asilomar Conference on Re-
combinant DNA Molecules. The latter
would have permited research under less
strict conditions than the NIH Guide-
lines.

The chronology leading to the present
Guidelines is described in detail in the
NIH Director’s decision document that
follows. In summary, scientists engaged
in this research called, in 1974, for a
moratorium on certain kinds of experi-
ments until an international meeting
could be convened to consider the poten-
tial hazards of recombhinant DNA mole-
cules. They also called upon the NIH to
establish a committee to provide advice
on recombinant DNA technology.

The international meeting was held at
the Asilomar Conference Center, Pacific
Grove, California, in February 1975. The
consensus of this meeting was that cer-
tain experiments should not be done at
the present time, but that most of the
work on construction of recombinant
DNA molecules should proceed with ap-
propriate physical and biological bar-
riers. The Asilomar Conference report
also made interim assignments of the
potential risks associated with different
types of experments. The NIH then as-
sumed responsibility for translating the
broadly based Asilomar recommenda-
tions into detailed guidelines for re-
search. .

The decision by the NIH Director on
these Guidelines was reached after ex-
tensive scientific and public airing of the
issues during the sixteen months which
have elapsed since the Asilomar Confer-
ence. The issues were discussed at pub-

lic meetings of the Recombinant DNA’

Molecule Program Advisory Committee
(Recombinant Advisory Committee) and
the Advisory Committee to the NIH Di-
rector. The Recombinant Advisory Com-
mittee extensively debated three differ-
ent versions of the Guidelines during
this period.

The Advisory Committee to the NIH
Director, augmented with consultants
representing law, ethics, consumer af-
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fairs and the environment, was asked to
advise as to whether the proposed Guide-
lines balanced responsibilty to protect
the public with the potential benefits
through the pursuit of new knowledge.
The many different points of view ex-
pressed at this meeting were taken into
consideration in the decision.

The NTH recognizes a special obligation
to disseminate information on these
guidelines as widely as possible. Accord-
ingly, the Guidelines will be sent to ail
of the approximately 25,000 NITH grantees
and contractors. Major professional so-
cieties which represent scientists work-
ing in this area will also be asked to en-
dorse the Guidelines. The Guidelines will
be sent to medical and scientific jour-
nals and editors of these journals will
be asked to request that investigators
include a description of the physical and
biological containment procedures used
in any recombinant research they report
on. International health and scientific
organizations will also receive copies of
the guidelines for their review.

Filing of an environmental impact
statement will provide opportunity for
the scientific community, Federal, State
and local agencies and the general public
to address the potential benefits and haz-
ards of this research area. In order for
there to be further opportunity for pub-
lic comment and consideration, these
guidelines are being offered for general
comment in the FEDERAL REGISTER. It
must be clearly understood by the reader
that the material that follows is not
proposed rulemaking in the technical
sense, but is a document on which early
public comment and participation is in-
vited.

Please address any comments on these
draft policies and procedures to the Di-
rector, National Institutes of Health,
9000 Rockville Pike, Bethesda, Maryland
20014. All comments should be received
by November 1, 1976.

Additional copies of this notice are
available from the Acting Director, Office
of Recombinant DNA Activities, National
Institute of General Medical Sciences,
National Institutes of Health, 9000 Rock-

ville Pike, Bethesda, Maryland 20014.

DonaLp S. FREDRICKSON,
Director,
NIH National Institutes of Health.

\I{J‘NE 25, 1976.

DECISION OF THE DIRECTOR, NATIONAL IN-
STITUTES OF HEALTH T0 RELEASE GUIDE~
LINES FOR RESEARCH ON RECOMBINANT
DNA MOLECULES

JUNE 23, 1976,

INTRODUCTION

I. General Policy Considerations.

A, Science Policy.

B. Implementation Within the NIH.

C. Implementation Beyond the Purview
of NIH.

D. Environmental Policy.

II. Methods of Containment (See Guide-
lines II).

III, Prohibited Experiments (See Guide-
lines 111, A).

IV. Permissible Experiments: E. Coli K-12
Host-Vector Systems (See Guidelines III, B,

1).

V. Classification of Experiments Using the
E. Coli K-12 Containment Systems (See
Guidelines 111, B, 2). '

VI. Classification of Experiments Using
Containment Systems Other than E. Coli K-
12 (See Guidelines III, B, 4).

VII. Roles and Responsibilities
Guidelines 1IV).

(See

INTRODUCTION

Today, with the concurrence of the
Secretary of Health, Education, and Wel-
fare and the Assistant Secretary for
Health, I am releasing guidelines that
will govern the conduct of NIH-sup-
ported research on recombinant DNA
molecules (molecules resulting from the
recombination in cell-free systems of
segments of deoxyribonucleic acid, the
material that determines the hereditary
characteristics of all known cells) . These
guidelines establish carefully controlled
conditions for the conduct of experiments
involving the insertion of such recom-
binant genes.into organisms, such as bac-
teria. The chronology leading to the pres-
ent glidelines and the decision to release
them are outlined in this introduction.

In addition to developing these guide-
lines, NIH has undertaken an environ-
mental impact assessment of these guide-
lines for recombinant DNA research in
accordance with the National Environ-
mental Policy Act of 1969 (NEPA). The
guidelines are being released prior to
completion of this assessment. They will
replace the current Asilomar guidelines,
discussed below, which in many insfances
allow research to proceed under less
strict conditions. Because the NTH guide-
lines will afford a greater degree of scru-
tiny and protection, they are being re-
leased today, and will be effective while
the environmental impact assessment is
under way.

Recombinant DNA research brings to
the fore certain problems in assessing
the potential impact of basic science on
society as a whole, including the manner
of providing public participation in those
asessments. The field of research involved
is a rapidly moving one, at the leading
edge of biological science. The experi-
ments are extremely technical and com-
plex. Molecular biologists active in this
research have means of keeping in-
formed, but even they may fail to keep
abreast of the newest developments. It
is not surprising that scientists in other
fields and the general public have diffi-
culty in understanding advances in re-
combinant DNA research. Yet public
awareness and understanding of this line
of investigation is vital.

It was the scientists engaged in recom-
binant DNA research who called for a
moratorium on certain kinds of experi-
ments in order to assess the risks and de-
vise appropriate guidelines. The capa-
bility to perform DNA recombinations,
and the potential hazards, had become
apparent at the Gordon Research Con-
ference on Nucleic Acids in July 1973.
Those in attendance voted to send an
open letter to Dr. Philip Handler, Presi-
dent of the National Academy of Sci-
ences, and to Dr. John R.-Hogness, Presi~
dent of the Institute of Medicine, NAS.
The letter, appearing in Science 181, 1114,
(1973), suggested ‘“that the Academies
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[sic] establish a study committee to con-
sider this problem and to recommend
specific actions or guidelines, should that
seem appropriate.”

In response, NAS formed a committee,
and its members published another let-
ter in Science 185, 303, (1974). Entitled
“Potential Biohazards of Recombinant
DNA Molecules,” the letter proposed:

First, and most important, that until the
potential hazards of such recombinant DNA
molecules have been better evaluated or un-
ti1 adequate methods are developed for pre-
venting their spread, scientists throughout
the world join with the members of this com-
mittee in voluntarily deferring * * * [cer-
tain] experiments * * *.

Second, plans to link fragments of animal
DNAs to bacterial plasmid DNA or bac-
teriophage DNA should Dbe carefully
weighted * * *.

Third, the Director of the National Insti-
tutes of Health is requested to give immedi-
ate consideration to establishing an advisory
committee charged with (i) overseeing an
experimental program to evaluate the poten-
tial biological and ecological hazards of the
above types of recombinant DNA molecules;
(11) developing procedures which will mini-
mize the spread of such molecules within
human and other populations; and (iii) de-
vising guidelines to be followed by investiga-
tors working with potentiaily hazardous re-
combinant DNA molecules.

Fourth, an international meeting of in-
volved scientists from all over the world
should be convened early in the coming year
to review scientific progress in this area and
to further discuss appropriate ways to deal
with the potential bichazards of recombi-
‘nant DNA molecules.

On October 7, 1974, the NIH Recombi-~"

nant DNA Molecule Program Advisory
Committee (hereafter “Recombinant Ad-
visory Committee”) was established to
advise the Secretary, HEW, the Assistant
Secretary for Health, and the Director,
NIH, “concerning a program for develop~
ing prccedures which will minimize the
spread of such molecules within human
and other populations, and for devising
guidelines to be followed by investigators
working with potentially hazardous re-
combinants.”

The international meeting proposed in
the Science article (185, 303, 1974) was
held in February 1975 at the Asilomar
Conference Center, Pacific Grove, Cal-
ifornia. It was sponsored by the National
Academy of Sciences and supported by
the National Institutes of Health and the
National Science Foundation. One hun-
dred and fifty people attended, including
52 foreign scientists from 15 countries,
16 representatives of the press, and 4
attorneys.

The conference reviewed progress in
research on recombinant DNA molecules
and discussed ways to deal with the po-
tential biohazards of the work. Partici-
pants felt that experiments on construc-
tion of recombinant DNA molecules
should proceed, provided that appropri-
ate biological and physical containment
is utilized. The conference made recom-
mendations for matching levels of con-
tainment with levels of possible hazard
for various types of experiments. Certain
experiments were judged to pose such
serious potential dangers that the con-

~

NOTICES

ference recommended against their being
conducted at the present time.

A report on the conference was sub-
mitted to the Assembly of Life Sciences,
National Research Council, NAS, and
approved by its Executive Committee on
May 20, 1975. A summary statement of
the report was published in Science 188,
991 (1975), Nature 225, 442, (1975), and
the Proceedings of the National Academy
of Sciences 72, 1981, (1975). The report
noted that “in many countries steps are
already being taken by national bodies
to formulate ¢odes of practice for the
conduct of experiments with known or
potential biohazard. Until these are es-
tablished, we urge individual scientists
to use the proposals in this document as
a guide.”

The NIH Recombinant Advisory Com-
mittee held its first meeting in San Fran-
cisco immediately after the Asilomar
conference. It proposed that NIH use the
recommendations of the Asilomar con-
ference as guidelines for research until
the committee had an opportunity to
elaborate more specific guidelines, and
that NIH establish a newsletter for in-
formal distribution of infcrmation. NIH
accepted these recommendations.

At the second meeting, held on May 12—
13, 1975, in Bethesda, Maryland, the
committee received a report on biohaz-
ard-containment facilities in the United
States and reviewed a proposed NIH con-
tract program for the construction and
testing of microorganisms that would
have very limited ability to survive in
natural environments and would thereby
limit the potential hazards. A subcom-
mittee chaired by Dr. David Hogness was
appointed to draft guidelines for re-
search involving recombinant DNA mole-
cules, to be discussed at the next meet-
ing.

The NIH committee, beginning with
the draft guidelines prepared. by the
Hogness subcommittee, prepared pro-
posed guidelines for research with recom~
binant DNA molecules at its third meet-~
ing, held on July 18-19, 1975, in Woods
Hole, Massachusetts.

Following this meeting, many letters
were received which were critical of the
guidelines. The majority of critics felt
that they were too lax, others that they
were too strict. All letters were reviewed
by the committee, and a new subcommit-
tee, chaired by Dr. Elizabeth Kutter, was
appointed to revise the guidelines.

A fourth committee meeting was held
on December 4-5, 1975, in La Jolla, Cali-
fornia. For this meeting a ‘“‘variorum edi-
tion” had been prepared, comparing line-
for-line the Hogness, Woods Hole, and
Kutter guidelines. The committee re-
viewed these, voting item-by-item for
their preference among the three varia-
tions and, in many cases, adding new
material. The result was the “Proposed
Guidelines for Research Involving Re-
combinant DNA Molecules, “which were
referred to the Director, NIH, for a final
decision in December 1975.

As Director of the National Institutes
of Health, I called a special meeting of
the Advisory Committee to the Director
to review these proposed guidelines. The
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meeting was held at NIH, Bethesda, on
February 9-10, 1976. The Advisory Com-
mittee is charged to advise the Director,
NIH, on matters relating to the broad
setting—scientific, technological, and
socioeconomic—in which the continuing
development of the biomedical sciences,
education for the health professions, and
biomedical communications must take
place, and to advise on their implications
for NIH policy, program development,
resource allocation, and administration.
The members of the committee” are
knowledgeable in the fields of basic and
clinical biomedical sciences, the social
sciences, physical sciences, research, edu-
cation, and communications. In addition
to current members of the committee; I
invited a number of former committee
members as well as other scientific and
public representatives to participate in
the special February session.

The purpose of the meeting was to seek
the committee’s advice on the guidelines
proposed by the Recombinant Advisory
Committee. The Advisory Committee to
the Director was asked to determine
whether, in their judgment, the guide-
lines balanced scientific responsibility to
the public with scientific freedom to pur-
sue new knowledge.

Public responsibility weighs heavily in
this genetic research area. The scientific
community must have the public’s con-
fidence that the goals of this profound-
ly- important research accord respect to
important ethical, legal, and social values
of our society. A key element in achieving
and maintaining this public trust is for
the scentific community to ensure an
openness and candor in its proceedings.
The meetings of the Director’s Advisory
Committee, the Asilomar group, and the
Recombinant Advisory Committee have
reflected the intent of science to be an
open community in considering the con-
duct of recombinant DNA experiments.
At the Director’s Advisory Committee
meeting, there was ample opportunity for
comment-and an airing of the.issues, not
only by the committee members but by
public witnesses as well. All major points
of view were broadly represented.

I have been reviewing the guidelines
in light of the comments and suggestions
made by participants at that meeting, as
well as the written comments received
afterward. As part of that review I asked
the Recombinant Advisory Committee to
consider at their meeting of April 1-2,
1976, a number of selected issues raised
by the commentators. I have taken those
issues and the response of the Recom-
binant Advisory Committee into account
in arriving at my decision on the guide-
lines. An analysis of the issues and the
basis for my decision follow. ’

T. GENERAL POLICY CONSIDERATIONS

A word of explanation might be inter-
jected at this point as to the nature of
the studies in question. Within the past
decade, enzymes capable of breaking
DNA strands at specific sites and of cou-
pling the broken fragments in new com-
binations were discovered, thus making
possible the insertion of foreign genes
into viruses or certain cell particles (plas-
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mids?). These, in turn, can be used as vec-
tors to introduce the foreign genes into
bacteria or into cells of plants or animals
in test tubes.
genes may impart their hereditary prop-
erties to new hosts. These cells can be
isolated and cloned—that is, bred into
a genetically homogeneous culture. In
general, there are two potential uses for
the clones so produced: as a tool for
studying the transferred genes. and as
a new useful agent, say for the produc-
tion of a scarce hormone.

Recombinant DNA research offers
great promise, particularly for improv-
ing the understanding and possibly the
treatment of various diseases. There is
also a potential risk—that microorga-
nisms with transplanted genes may prove
hazardous to man or other forms of life.
Thus special provisions are necessary for
their containment. )

All commentators acknowledged the
exemplary responsibility of the scientific
community in dealing publicly with the
potential risks in DNA recombinant
research and in calling for a self-imposed
moratorium on certain experiments in
order to assess potential hazards and
devise appropriate guidelines. Most com-
mentators agreed that the process lead-
ing to the formulation of the proposed
guidelines was a most responsible and
responsive one. Suggestions by the com-~
mentators on broad policy considerations
are presented below. They relate to the
science policy aspects of the guidelines,
the implementation of the guidelines for
NIH grantees and contragtors, and the
scope and impact of the guidelines na-
tionally and internationally.

A. Science policy considerations

Commentators were divided on how
best to steer a course between stifling
research through excessive regulation
and allowing it to continue with suffi-
cient controls. Several emphasized that
the public must have assurance that the
controls afford adequate protection
against potential hazards. In the views
of these commentators, the burden is on
the scientific community to show that
the danger is minimal and that the
benefits are substantial and far out-
weigh the risks.

Opinion differed on whether the pro-
posed guidelines were an appropriate
response to the potential benefits and
hazards. Several found the guidelines to
so exaggerate safety procedures that in-
quiry would be unnecessarily retarded,
while others found the guidelines
weighted toward promoting research.
The issue was how to strike a reason-
able balance—in fact, a proper policy
“bias”—between concerns to “go slow”
and those to progress rapidly.

There was strong disagreement about
the nature and level of the possible
hazards of recombinant DNA research.
Several commentators believed that the
hazards posed were unique. In their
view, the occurrence of an accident or
the escape of a vector could initiate an
irreversible process, with a potential for
creating problems many times greater
than those arising from the multitude of
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genetic recombinations that occur spon-
taneously in nature. These commenta-
tors stress the moral obligation on the
part of the scientific community to do
no harm.

Other commentators, however, found
the guidelines to be adequate to the
hazards posed. In their view, the guide-
lines struck an appropriate balance so
that research could proceed cautiousiy.
Still other commentators found the
guidelines too onerous and restrictive in
light of the potential benefits of this re-
search for medicine. agriculture. and in-
dustry. Some felt that the guidelines are
perhaps more stringent than nccessary
given the available evidence on the like-
lihood of hazards, but supported them as
a compromise that would bast serve the
scientific community and the public at
large. Many commentators urged that
the guidelines be adopted as soon as pos-
sible to afford more specific direction to
this research area.

I understand and appreciate the con-
cerns of thoss who urge that this re-
search proceed because of the benefits
and of those who urge caution because
of potential hazards. The guidelines is-
sued today allow the research to go for-
ward in a manner responsive and ap-
propriate to hazards that may be real-
ized in the-future.

The object of- these guidelines is to
ensure that experimental DNA recom-
bination will have no ill effects on those
engaged In the work, on the general pub-~
lic, or on the environment. The essence
of their construction is subdivision of
potential experiments by class, decision
as to which experiments should be per-
mitted at present, and assignment to
these of certain procedures for contain-
ment of recombinant organisims.

Containment is defined as physical

and biological. Physical containment in-

volves the isolation of the research by
procedures which have evolved over
many years of experience in laboratories
studying infectious microorganisms. P1
containment--the first physical contain-
ment level—is that used in most routine
bacteriology laboratories. P2 and P3 af-
ford increasing isolation of the re-
search from the environment P4 rep-
resents.the most extreme measures used
for containing virulent pathogens, and
permits no escape of contaminated air,
wastes, or untreated materials. Biologi-
cal containment is the use of vectors or
hosts that are crippled by mutation so
that the recombinant DNA is incapable
of surviving under natural conditions.

The experiments now permitted under
the guidelines involve no known addi-
tional hazard to the workers or the en-
vironment beyond the relatively low risk
known to be associated with the source
materials. The additional hazards are
speculative and therefore not quantifi-
able. In a real sense they are considerably
less certain than are the benefits now
clearly derivable from the projected re-
search.

For example, the ability to produce,
through “molecular cloning,” relatively
large amounts of pure DNA from the
chromosomes of any living organism will

[4]

have a profound effect in many areas
of biology. No other procedure, not even
chemical synthesis, can provide pure
material corresponding to particular
genes. DNA “probes,” prepared from the
clones will yield precise evidence on the
presence or absence, the organization.
and the expression of genes in health
and disease.

Potential medical advances were out-
lined by scientists active in this research
area who were present at the meeting of
the Director’s Advisory Committee. Of
enormous importance, for example, is
the opportunity to explore the malfunc-
tioning of cells in complicated diseases.
Qur ability to understand a variety of
hereditary defects may be significantly
enhanced, with amelioration of their ex-
pression a real possibility. There is the
potential to elucidate mechanisms in cer-
tain cancers, particularly those that
might be caused by viruses.

Instead of mere propagation of foreign
DNA, the expression of the genes of one
organism by the cell machinery of an-
other may alter the new host and open
opportunities for manipulating the bio-
logical properties of cells. In certain
prokaryotes (organisms with a poorly de-
veloped nucleus, like bacteria), this ex-
change of genetic information occurs in
nature. Such exchange explains, for in-
stance, an important mechanism for the
changing and spreading of resistance to
antibiotics in bacteria. Beneficial effects
of this mechanism might be the produc-
tion of medically important compounds
for the treatment and control of disease.
Examples frequently cited are the pro-
duction of insulin, growth hormone,
specific antibodies, and clotting factors
absent in victims of hemophilia.

Aside from the potential medical bene-
fits, a whole host of other applications in
science and technology have been en-
visioned. Examples are the large-scale
production of enzymes for industrial use
and the development of bacteria that
could ingest and destroy oil spills in the
sea. Potential benefits in agriculture in-

clude the enhancement of nitrogen fixa- '

tion in certain plants, permitting in-
creased food production. .
While the projected research offers the
possibility of many benefits, it must pro-
ceed only with assurance that potential
hazards can be controlled or. prevented.
Some commentators are concerned that
nature may maintain a barrier to the ex-
change of DNA between prokaryotes and
eukaryotes (higher organisms, with a
well-formed nucleus) —a barrier that can
now be crossed by experimentalists. They
further argue that expression of the for-
eign DNA may alter the host in unpre-
dictable and undesirable ways. Conceiv-
able harm could result if the altered host
has a competitive advantage that would
foster its survival in some niche within
the ecosystem. Other commentators be-
lieve that the endless experiments in re-
combination of DNA which nature has
conducted since the beginning of life on
the earth, and which have accounted in
part for the evolution of species, have
most likely involved exchange of DNA
between widely disparate species. They
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argue that prokaryotes such as bacteria
in the intestines of man do exchange
DNA with this eukaryotic host and that
the failure of the altered prokaryotes to
be detected attests to a sharply limited
capacity of such recombinants to survive.
Thus nature, this argument runs, has al-
ready tested the probabilities of harmiul
recombination and any survivors of such
are already in the ecosystem. The fact is
that we do not know which of the above-
stated propositions is corrected.

The interntaional scientific commu-
nity, as exemplified by the Asilomar con-
ference and the deliberations attendant
upon preparation of the present guide-
lines, has indicated a desire to proceed
with research in a conservative manner.
And most of the considerable public
commentary on the subject, while urging
caution, has also favored proceeding.
Three European groups have independ-
ently arrived at the opinion that recom-
binant DNA research should proceed
with caution. These are the Working
Party on Experimental Manipulation of
the Genetic Composition of Micro-
Organisms, whose “Ashby Report” was
presented to Parliament in the United
Kingdom by the Secretary of State for
Education and Science in January 1975;
the Advisory Committee on Medical Re-
search of the World Health Organiza-
tion, which issued a press release in July
1975; and the Furopean Molecular Bi-
ology Organization Standing Committee
on Recombinant DNA, meeting in Feb-
ruary 1976.

There is no means for a flat proscrip-
tion of such research throughout the
world community of science. There is
also no need to attempt it. It is likely
that the evaluation engendered in the
preparation and application of these
guidelines will lead to beneficial review
of some of the containment practices in
other work that is not technically de-
fined as recombinant DNA research.

Recombinant DNA research with
which these guidelines are concerned in-
volves microorganisms suach as bacteria
or viruses or cells of higher organisms
growing in tissue culture. It is extremely

* important for the public to be aware that
this research is not directed to altering
of genes in humans although some of
the techniques developed in this re-
search may have relevance if this is at-
tempted in the future.

NIH recognizes its responsibility to
conduct and support research designed
to determine the extent to which certain
potentially harmful effects from recom-
binant DNA molecules may occur.
Among these are experiments, to be con-
ducted under maximum containment,
that explore the capability of foreign
genes to alter the character of host or
vector, rendering it harmful, as through
the production of toxic products.

Given the general desire that no rare
and unexpected event arising from this
research shall cause irreversible dam-
age, it 1s obvious that merely to estab-
lish conservative rules of conduct for
one group of scientists is not enough.
The precautions must be uniformly and
unanimously observed. Second, there
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must be full and timely exchange of ex-
periences so that guidelines can be al-
tered on the basis of new knowledge. The
guidelines must also be implemented in
a manner that protects all concerned—
the scientific workers most likely to en-
counter unexpected hazards and all
forms of life within our biosphere. The
responsibility of the scientists involved
is as inescapable and extreme as is their
opportunity to beneficially enrich our
understanding.

B. Implementation congiderations
within the NIH

Al the commentators had suggestions
concerning the structure and function of
decision making as it relates to the prin-
cipal investigator, the local biohazards
committee, the peer review group, and
the NIH Recombinant Advisory Com-
mittee. These comments and my re-
sponse on the section of the guidelines
relating to roles and responsibilities of
investigators, their institutions, and the
National Institutes of Health are pre-
sented below.

Of considerable concern to all com-
mentators was the process by which NIH
would proceed to implement the guide-
lines. The scientific community generally
urged that there be no Federal regula-
tions, while some of the public commen-
tators recommended the regulatory
process.

Many who opposed changing the pro-
posed guidelines into Federal regulations
expressed concern for flexibility and ad-
ministrative eficiency, which could best
be achieved, in their view, through vol-

untary compliance. Other commenta-

tors, however, believed it imperative to
proceed toward regulation. In their view,
the guidelines could be implemented for
purposes of NIH funding and would gov-
ern the conduct of experiments until
regulations wete in effect. Another com-
mentator who thought regulation would
be harmful rather than helpful sug-
gested that if there were to be regula-
tions, they should be along lines similar
to those that govern the sale, distribu-
tion, use, and disposal of radioisotopes.

The question of how best to proceed
now that the guidelines have been re-
leased deserves careful attention. I share
the concern of those who feel that the
guidelines must remain flexible. It is es-
pecially important that there be oppor-
tunity to change them quickly, based on
new information relating to scientific
evidence, potential risks, or safety as-
pects of the research program.

The suggestions for regulation need
further attention at this time. The
process for regulation not only involves
the Director of NIH, but also the Assist-
ant Secretary for Health and the Secre-
tary of Health, Education, and Welfare.
These guidelines are being promulgated
now in order to afford additional protec-
tion to all concerned. Consideration of
their conversion to regulations can pro-
ceed with continuing review of their con~
tent and present and future implica-
tions. Meanwhile, the NTH shall continue
to provide the opportunity for public
comment and participation at least
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equivalent to that provided if steps
towards regulations were to proceed im-
mediately. The guidelines will be pub-
lished in the FEpERAL REGISTER forthwith
to allow for further public comment.

C. Implementation considerations beyond
the purview of NIH

Special concern has been expressed by
many commentators regarding the ap-
plication of the guidelines to research
ouiside NIH by investigators other than
its grantees or contractors. It has been
urged that the guidelines be made ap-
plicable to recombinant DNA research
conducted or supported by other agen-
cies in HEW and by NSF, ERDA, DoD,
and other governmental departments.
Most commentators believe that these or
similar guidelines should also govern
research in the private sector, including
industry, voluntary organizations, and
foundations. Many feel that experiments
conducted in colleges, universities, and
even in high schools require some form
of monitoring. And finally, all agree that
in view of the potential hazards of re-
combinant DNA research to the bio-
sphere, some form of international
understanding on guidelines for the re-
search is essential.

The committee, in the proposed guide-
lines, has suggested as one means of con-~
trol that a description of the physical
and biological containment procedures
practiced in a research project be in-
cluded in the publication of research re-
sults. In the scientfic community this
can be a powerful force for conformity,
and we will undertake to present the rec-
ommendation to all appropriate jour-
nals. We are also prepared to take steps
to disseminate the guidelines widely, and
to arrange for a continual flow of in-
formation outward concerning the ac-
tivities of the Recombinant Advisory
Committee and the Advisory Committee
to the Director, NTH, in the evolution of
the guidelines and their implementation.

In response to these suggestions, I
have already held a meeting with rele-
vant HEW agencies and with represent-
atives from other departments of the
Federal Government. The purpose of the
meeting was to exchange information on
recombinant DNA research and to dis-
cuss the NIE guidelines. It served as an
important beginning to address a com-
mon concern of these public institutions.
A number of the representatives indi-
cated that various departments might
very well adopt the guidelines for re-
search conducted both in-house and sup-
ported outside. Following up, I have be-
gun preliminary discussions with the As-
sistant Secretary for Health and the
Secretary of HEW, to determine possible
methods to ensure adoption of the guide-
lines by all Federal agencies. Encouraged
by these efforts, we held a meeting on
June 2 with representatives of industry
to provide them with full information
about the guidelines and to help deter-
mine the present and future interests of
industrial laboratories in this type of re-
search. The meeting provided one of the
first opportunities for industry repre-
sentatives to convene for a discussion of
this research area, and an industry com-

FEDERAL REGISTER, VOL. 41, NO. 131—WEDNESDAY, JULY 7, 1976

(5]



27906

mittee under the auspices of the Phar-
maceutical Manufacturers Association
will be formed to review the guidelines
for potential application to the drug in-
dustry. Further meetings will be sched-
uled with other groups that have an ac-
tive interest in recombinant DNA re-
search.

It is my hope that the guidelines will
be voluntarily adopted and honored by
all who support or conduct such research
throughout the United States, and that
at least very similar guidelines will ob-
tain throughout the rest of the world.
NIH places the highest priority on efforts
to inform and to work with international
organizations, such as the World
Health Organization and the Interna-
tional Council of Scientific Unions. with
a view to achieving a consensus on safety
standards in this most important re-
search area.

There has been considerable interna-
tional cooperation and activity in the
past, and I expect it to continue in the
future. The aforementioned Ashby Re-
port, presented to Parliament in Jan-
uary 1975, describes the advances in
knowledge and possible benefits to so-
ciety of the experiments involving re-
combinant DNA molecules, and attempts
to assess the hazards in these techniques.
The Asilomar meeting also had a num-
ber of international representatives., as
mentioned previously. The European
Molecular Biology Organization (EMBQO)
has been involved in considering guide-
lines for recombinant DNA research.
They have clcsely followed the activities
of NIH, and will thus be encouraged. I
believe, to monitor their research with
augmented cooperation and coordina-
tion. For example, EMBO recently an-
nounced plans for a voluntary registry of
recombinant DNA research in Europe.
Following this EMBO initiative, NIH
shall similarly maintain a voluntary
registry of investigators and institu-
tions engaged in such research in the
United States. Plans for establishing this
registry are under way. '

D. Environmental policy considerations

A number of commentators urged NIH
to consider preparing an environmental
impact statement on recombinant DNA
research activity. They evoked the pos-
sibility that organisms containing re-
combinant DNA molecules might escape
and affect the environment in poten-
tially harmful ways.

I am in full agreement that the poten-
tially harmful effects of this research on
the environment should be assessed. As
discussed throughout this paper, the
guidelines are premised on physical and
biological containment to prevent the
release or propagation of DNA recom-
binants outside the laboratory. Delib-
erate release of organisms into the en-
vironment is prohibited. In my view. the
stipulated physical and biological con-
tainment ensures that this research will
proceed with a high degree of safety and
precaution. But I recognize the legiti-
mate concern of those urging that an en-
vironmental impact assessment be done.
In view of this concern and ensuing pub-
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lic debate, I have reviewed the appro-
priateness of such an assessment and
have directed that one be undertaken.

The purpose of this assessment will be
to review the environmental effects, if
any, of research that may be conducted
under the guidelines. The assessment
will provide further opportunity for all
concerned to address the potential bene-
fits and hazards of this most important
research activity. I expect a draft of the
environmental impact statement should
be completed by September 1 for com-
ment by the scientific community. Fed-
eral and State agencies, and the gen-
eral public.

It should be noted that the develop-
ment of the guidelines was in large part
tantamount to ctonducting an environ-
mental impact assessment. For example,
the objectives of recombinant DNA re-
search. and alternate approaches to
reach those objectives, have been con-
sidered. The potential hazards and risks
have been analyzed. Alternative ap-
proaches have been thoroughly con-
sidered, to maximize safety and mini-
mize potential risk., And an elaborate re-
view structure has been created to
achieve these safety objectives. From a
public policy viewpoint, however, the
environmental impact assessment will be
vet another review that will provide
further opportunity for the bublic to
participate and comment on the conduct
of this research.

11, METHODS OF CONTAINMENT

Comments on the containment pro-
visions of the proposed guidelines were
directed to the definition of both phys-
ical and biological containment and to
the safety and effectiveness of the pre-
scribed levels. Several commentators
found the concept of physical contain-
ment imprecise and too subject to the
possibility for human error. Others ques-
tioned the concept of biological contain-
ment in terms of its safety and purported
effectiveness in averting potential haz-
ards. The commentators were divided on
which method of containment would
provide the most effective and safe sys-
tem to avoid hazards. Several suggested
that each of the physical containment
levels be more fully explained.

W. Emmett Barkley, Ph.D., Direc-
tor of the Office of Research Safety,
National Cancer Institute, was asked to
review the section on physical contain-
ment in light of these comments. Dr.
Barkley convened a special committee
of safety and health experts, who met
to consider not only this section of the
guidelines but also the section on the
roles and responsibilities of researchers
and theiir institutions. The committee
thoroughly reviewed the section on phys-
ical containment and recommended a
number of changes. The Recombinant
Advisory Committee, meeting on April
1-2, 1976, reviewed the recommendations
of the Barkley group. These are incorpo-
rated, with editorial revisions, in the final
version of the guidelines.

The present section on physical con-
tainment is directly responsive to those
commentators who asked for greater de-

tail and explanation. Although different
in detail, the four levels of containment
approximate those given by the Center
for Disease Control for human etiologic
agents and by the National Cancer In-
stitute for oncogenic viruses. For each of
the proposed levels, optional items have
been excluded, and only those items
deemed absolutely necessary for safety
are presented. Necessary facilities, prac-
tices, and equipment are specified. To
give further guidance to investigators
and their institutions, a supplement to
the guidelines explains more fully safety
practices appropriate to recombinant
DNA research. And a new section has
been added to ensure that shipment of
recombinant DNA materials conforms,
where appropriate. to the standards, pre-
scribed by the U.S. Public Health Service,
the Department of Transportation, and
the Civil Aeronautics Board.

The section on physical containment
is carefully designed to offer a construc-
tive approach to meeting potential haz-
ards for recombinant experiments at all
levels of presumed risk. Certain commen-
tators had suggested that the first level
of physical containment (P1) be merged
with the second level (P2). This sugges-
tion. however. would tend to apply overly
stringent standards for some experi-
ments and might result in a lowering of
standards necessary at the second level.
I believe the level of control must be con-
sistent with a reasonable estimate of the
hazard; and the section on physical con-
tainment does provide this consistency.
Accordingly, the first and second levels
of physical containment remain as sepa-
rate sections in the guidelines.

Because of the nature and operation of
facilities required for experiments to be
done at the fourth level of containment
(P4), a provision has been included that
the NTIH shall review such facilities prior
to funding them for recombinant DNA
studies. The situation merits the special
attention of experts who have maximum
familiarity with the structure, operation,
and potential problems of P4 installa-
tions. Several commentators advocated
that NIH arrange for sharing of P4 fa-
cilities, both in the NIH intramural pro-
gram and in institutions supported
through NIH awards. In response to
these suggestions, we are currently re-
viewing our facilities, including those at
the Frederick Cancer Research Center
(Port Detrick), to determine how such
a program can best be devised. It is most
important that P4 facilities be made
available to investigators. It should be
noted that incidents of infection by even
the most highly infectious and danger-
ous organisms are extremely infrequent
at P4 facilities, and therefore the poten-
tial for hazard in certain complex ex-
periments in recombinant DNA research
is considerably reduced.

II1I. PROHIBITED EXPERIMENTS

1. Practically all commentators sup-
ported the present prohibition of certain
experiments. There were suggestions for
a clearer definition of the prohibition of
certain experiments where increased
antibiotic resistance may result. And it
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was urged by some that the prohibition
be broadened to include experiments that
result i resistance to any antibiotic, ir-
respective of its use in medicine or agri-
culture. Consideration of such a sugges-
tion must take into account that anti-
biotic resistance occurs naturally among
bacteria, and that resistance is a valu-
able marker in the study of microbial
genetics in general, and recombinants
in particular.

In view of these concerns, however, the
Recombinant Advisory Committee was
asked to reconsider carefully the prohi-
bition and related sections concerning
antibiotic resistance. The committee
noted that the prohibition relating to
drug resistance was intended to ban
those experiments that could compro-
mise drug use in controlling disease
agents in veterinary as well as human
medicine and this is now clearly stated.

In the draft guidelines there were two
statements concerning resistance to
drugs which related to experiments with
E. coli. The statements appeared to allow
experiments that would extend the range
of resistance of this bacterium to thera-
peutically useful drugs and disinfectants,
and thus seemed to be in conflict with
the general prohibition on such research.
There are numerous reports in the scien-
tific literature indicating that E. coli can
acquire resistance to all antibiotics
known to act against it. Since E. coli ac-
quires resistance naturally, the piohibi-
tion directed against increasing resisi-
ance does not apply. The ambiguous
statements have been deleted from the
present guidelines, On the other hand,
new language has been inserted in the
section dealing with other prokaryote
species to set containment levels for per-
mitted experiments.*

2. The Recombinant Advisory Com-
mittee was also asked to clarify whether
the prohibition of use of DNA derived
from pathogenic organisms (those classi-
filed as 3, 4, and 5 by the Center for
Disease Control, USPHS) also included
the DNA from any host infected with
these organisms. The committee ex-
plained that this prohibition did extend
to experiments with cells known to be so
infected. To avoid misunderstanding, the
prohibition as now worded includes such
cells. In addition, the prohibitions have
been extended to include moderate-risk
oncogenic viruses, as defined by the Na-
tional Cancer Institute, and cells known
to be infected with them.

3. Two other issues relating to the sec-
tion on prohibited experiments were
raised by Roy Curtiss III, Ph.D., Profes-
sor, Department of Microbiology, Uni-
versity of Alabama School of Medicine,
Birmingham, who is a member of the Re-
combinant Advisory Committee. Dr.
Curtiss noted that for the class of expe-
riments prohibited on the basis of pro-
duction of highly toxic substances, only

1 Specifically, experiments that would ex-
tend resistance to therapeutically useful
drugs must use P3 physical containment
plus a host-vector comparable to EK1, or
P2 containment plus a host-vector compa-
rable to EK2.

NOTICES

substances from micro-organisms were
cited as examples. He suggested that
other examplés be included, such as ven-
oms from insects and snakes. The com-
mittee approved the suggestion and I
concur.

In the proposed guidelines, release of
organisms containing recombinant RNA
molecules into the environment was pro-
hibited unless a series of controlled tests
had been done to leave no reasonable
doubt of safety. Dr. Curtiss felt that the
guidelines should provide greater spec-
ificity for testing and should include
some form of review prior to release of
the organism. I have decided that the
guidelines should, for the present, pro-
hibit any deliberate release of organisms
containing recombinant DNA into the
environment. With the present limited
state of knowledge, it seems highly un-
likely that there will be in the near
future, any recombinant organism that is
unjversally accepted as being beneficial
to introduce into the environment. When
the scientific evidence becomes available
that the potential benefits of recom-
binant organisms, particularly for agri-
culture, are about to be realized, then
the guidelines can be altered to meet the
needs for release. It is most important
that the potential environmental impact
of the release be considered.

1V. PERMISSIBLE EXPERIMENTS: E. COLIK-12
HOST-VECTOR SYSTEMS

The continued use of E. coli as a host
has drawn considerable comment, in
cluding some suggestions that its use be
prohibited presently or within a specified
time limit. It should be stressed that the
use of E. coli as detailed in the guidelines
is limited to E. coli K-12, a strain that
has been carried in the laboratory for
decades and does not involve the use of
any strain of E. coli that is freshly iso-
lated from a natural source. E. coli K-12
does not usually colonize the normal
bowel, even when given in large doses,
and exhibits little if any multiplication
while passing through the alimentary
canal. For years it has been the subject
of more intense investigation than any
other single organism, and knowledge of
its genetic makeup and recombinant be-

27907

the adequacy of protection for labora-
tory personnel with the first level of con-
tainment (EK1).? Sections of the guide-
lines dealing with physical containment
and roles and responsibilities now specify
the need for safety practices and acci-
dent plans.

For the second level of containment
(EK2), it is required that a cloned DNA
fragment be contained in a host-vector
system that has no greater than a 10~
probability of survival in a nonpermis-
sive or natural environment. It was sug-
gested that the selection of this level of
biological containment and the appro-
priate tests for verification be more fully
explained in the guidelines. The commit-
tee, in responding to a request for fur-
ther examination of this point, reviewed
at considerable length the testing for an
EK2 system and recommendéd certain
modifications. We have accepted the
committee’s new language that better ex-
plains testing of’survival of a genetic
marker carried on the vector, preferably
on an inserted NDA fragment.

Possible tests to determine the level of
biological containment afforded by these
altered host-vector systems are outlined
in this section. Because this is such a new
area of scientific research and develop-
ment, however, it is inappropriate to
standardize such testing at the present
time. Standards will gradually be set as
more experience with EK2 host-vector
systems is acquired. The committee, for
example, during its April 1976 meetings
gave its first approval to an EK2 host-
vector system. What is necessary is that
new and more effective tests be devised
by investigators, and this effort is very
likely to occur under the present guide-
lines. For example, one task recognized
by the committee is to clarify how sur-
vival of the organism and the cloned
DNA should be deiined in terms of tem-
perature, medium, and other variables.

It is also very important to note here
that the stringent requirements set by
the committee for EX2 biological con-
tainment jeopardize considerably the
capacity of such crippled organisms to
survive and replicate even under permis-~
sive laboratory conditions. More experi-
ence will be required to determine
whether EK2 containment will permit

havior exceeds greatly that pertaining to_ . 1i ; to b
any other organism. I believe that bes. igﬁloeweﬁl. es of important research to be

cause of this experience, E. coli K-12 will
provide a host-vector system that is safer
than other candidate microorganisms.

NTH recognizes the importance of sup-
porting the development of alternative
host-vector systems (such as B. subtilis,
which has no ecological niche in man)
and will encourage such development. It
should be noted, however, that for each
new host-vector system, the same ques-
tions of risk from altered properties at-
tendant upon the presence of recom-
binant genes will apply as apply to E. coli.
NIH does not believe it wise to set a
time limit on replacement of E. coli sys-
tems by other organisms.

There were specific suggestions con-
cerning the three levels of biological con-
tainment prescribed for use of E. coli
K-12 host-vectors. Some commentators
requested a more detailed explanation of

Several commentators suggested that
methods and procedures to confirm an

2The EK! system presently consists of a
battery of different vectors and of E. coli
K-12 mutants, all of which afford a consid-
erable degree of biological containment. The

" diversity of vectors and of host mutants in

this battery has permitted a wide range of
important scientific questions to be attacked.
For example, the availability of different vec-
tors with cleavage sites for different restric-
tion endonucleases have increased the kind
of DNA segments that can be cloned. By con-
trast, the first EK2 host-vector systems are
only now being considered by the Recom-
binant Advisory Committee. While NIH is
supporting the development of more EK2
host-vector systems, it is not expected that a
battery equivalent to that avallable for the
EK1 system will be certified by the Recom-
binant Advisory Committee in the near
future.
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EK system at the third level of contain-
ment (EK3) be more fully explained. The
Recombinant Advisory Committee was
asked to consider this suggestion. After
considerable discussion the commitiee
declined to define the procedures more
fully at this time, because development of
an EK3 system is still far enough in the
future not to warrant specific testing
. procedures. Further, it is not clear what
tests are best suited. The language,
therefore, remains general. The commit-
tee, however, is aware of the concerns for
a more completely defined system of test-
ing, and has considered the possibility of
organizing a symposium for purposes of
designating tests. In my view, more fully
developed protocols for testing EK3 sys-
tems are warranted, and it is necessary
that guidelines here be more fully de-
veloped before the committee proceeds to
certify such a system. In this regard the
NIH is prepared through the National
Institute of Allergy and Infectious Dis-
eases to support contracts to accomplish
this task. We will seek the advice and as-
sistance of the committee to define the
scope of necessary work.

These guidelines also include a state-
ment that for the time being no EK2 or
EK3 host-vector system will be consid-
ered bona fide until the Recombinant
Advisory Committee has certified it. I
share the concern of the commentators
that new host-vector systems require the
highest quality of scientific review and
scrutiny. At this early stage of develop-
ment, it is most important that the com-
mittee provide that scrutiny. Further, I
believe that until more experience has
been gained, the committee should en-
courage and the NIH support research
that will independently confirm and aug-
ment the data on which certification of
EK2 host-vector systems are based.

V. CLASSIFICATION OF EXPERIMENTS USING
THE E. COLI K—~12 CONTAINMENT SYSTEMS

The guidelines assign different levels
of containment for experiments in which
DNA from different sources is to be in-
troduced into an E. coli K-12 host-vector
system. The variation is based on both
facts and assumptions. There are some
prokaryotes (bacteria) which constantly
exchange DNA with E. coli. Here it is
assumed that experimental conditions
beyond those obtained in careful, routine
microbiology laboratories are superflu-
ous, because any exchange experiments
have undoubtedly been performed al-
ready in nature.

In every instance of artificial recom-
bination, consideration must be given to
the possibility that foreign DNA may be
translated into protein (expressed), and
also to the possibility that normally re-
pressed genes of the host may be ex-
pressed and thus change, undesirably,
the characteristics of the cell. It is as-
sumed that the more similar the DNAs
of donor and host, the greater the prob-
ability of expression of foreign DNA, or
of possible derepression of host genes.
In those cases where "the donor ex-
changes DNA with E. coli in nature, it 15
unlikely that recombination experiments
will create new genetic combinations.

NOTICES

When prokaryote donors not known to
exchange DNA with E. coli in nature are
used, however, there is a greater potential
for new genetic combinations to be
formed and be expressed. Therefore, it
is required that experiments involving
prokaryotic DNA from a donor that is
not known to exchange DNA with E. coli
in nature be carried out at a higher level
of containment. Recombination using
prokaryotic DNA from an organism
known to be highly pathogenic is pro-
hibited.

There are only limited data available
concerning the expression of DNA from
higher forms of life (eukaryotes) in E.
coli (or any other prokaryote). There-
fore, the containment prescriptions for
experiments inserting eukaryotic DNA
into prokaryotes are based on risks hav-
ing quite uncertain probabilities.

On the assumption that a prokaryote
host might translate eukaryotic DNA, it
is further presumed that the product of
that foreign gene would be most harmful
to man if it were an enzyme, hormone, or
other protein that was similar (homol-
ogous) to proteins already produced by
or active in man. An example is a bac-
terium that could produce insulin. Such
a “rogue” bacterium could be of benefit
if contained, a nuisance or possibly dan-
gerous if capable of surviving in nature.
This is one reason that the higher the
phylogenetic order of the eukaryote, the
higher the recommended containment, at
least until the efficiency of expression of
DNA from higher eukaryotes in pro-
karyotes can be determined.

There is a second, more concrete rea-
son for scaling containment upward as
the eukaryote host becomes similiar to
man. This is the concern that viruses
capable of propagating in human tissue,
and possibly causing diseases, can con-
taminate DNA, replicate in prokaryote
hosts and infect the experimentalist.
Such risks are greatest when total DNA
from donor tissue is used in “shotgun”
recombinant experiments; it diminishes
to much lower levels when pure cloned
DNA is used.

The commentators were clearly divided
on the classification of containment
criteria for different kinds of recombin-
ant DNAs. Many commentators con-
sidered the guidelines too stringent and
rigid. Others viewed the guidelines in
certain instances as too permissive. And
still others endorsed the guidelines as
sensible and reasonable, affording the
public an enormous degree of protection
from the speculative risks. Several sug-
gestions were made for the specific
classes of experiments, and they follow:

1. Comment on the use of DNA from
animals and plants in recombinant ex-
periments varied widely. Some com-
mentators suggested banning the use of
DNA from primates, other mammals, and
birds. Others suggested that higher levels
of containment be used for all such ex-
periments. Still others believed that tlie
guidelines were too strict for experi-
ments of this class. I have carefully re-
viewed the issues raised by the com-
mentators and the responses of the com-
mittee to certain queries concerning use

of animal and plant DNA in these ex-
periments.

In my view, the classification for the
use of DNA from primates, other mam-
mals, and birds is appropriate to the po-
tential hazards that might be posed. The’
physical and _ biological containment
levels are very strict. For example, bio-
logical containment levels are at EK2
or EK3, and will effectively preclude ex-
perimentation until useful EX2 and EKS
systems are available. EK2 systems are
still in the initial stages of development.
and the first system was only certified at
the most recent meeting of the Recom-
binant Advisory Committee. An EK3
host-vector system has yet to be tested.
and its certification is far enough in the
future to place a moratorium on those
experiments requiring biological con-
tainment at an EK3 level. The physical
containment levels of P3 or P4 themselves
afford a very high degree of protection.
I am satisfied that the guidelines dem-
onstrate the caution and prudence that
must-govern the conduct of experiments
In this category.-

The guidelines allow reduced contain-
ment levels for primate DNA when it is
derived from embryonic tissue or germ-
line cells. This is based on evidence that
embryonic material is less likely to con-
tain viruses than is tissue from the adult.
Obviously, the embryonic tissue must be
free of adult tissue, and the present
guidelines so indicate.

I have also carefully considered the
special concerns arising from the use of
DNA from cold-blooded vertebrates and
other cold-blooded animals, because sev-
eral commentators questioned the basis
of lower physical and biological contain-
ment levels for DNA from these species.
The Recombinant Advisory Committee
has debated this extensively, and they
were asked to do so once again in April.*
The committee has now recommended
high containment levels (P3+EK2) when
the DNA is from a cold-blooded verte-
brate known to produce a potent toxin.
That recommendation is included in the
present guidelines. Where no toxin is in-
volved the commiftee supported lower

3 A committee member, David S. Hogness,
Ph. D., Professor, Department of Biochemis-
try, Stanford University, California, sub-
mitted a statement in support of lower con-
tainment levels based on current scientific
evidence. That evidence is based on certain
differences between cold- and warm-blooded
vertebrates. One of the criteria used for the
evaluation of the relative risk that might be
encountered with different levels of shotgun
experiment is the degree of sequence homol-
ogy between the DNA of the given species
and that of humans. This criterion is used
to estimate the likelihood that segments of
DNA from the given species might be inte-
grated into the human genome by recombi-
nation; the greater the homology, the greater
theé likelihood of integration. Studies of se-
quence homologies indicate that there is a
considerable degree of homology between
human DNA and DNA from other primates,
much less homology between primates and
other mammals, and even lower but detect-
able homology between birds and primates.
By contrast, no significant homologies be-
tween cold-blooded vertebrates and primates
have been detected. f
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containment levels. The guidelines spec-
ify P2+EK2 levels for such work. There
was considerable discussion concerning
the advisability of recommending lower
containment (P2--EK1) when the DNA
s isolated from embryonic tissue or
germ-line cells from cold-biooded verte-
hrates. Those supporting lower contain-
ment levels argued that the justification
for P2+ EK2 was the possibiiity that cold-
biooded vertebrates may carry viruses
aiid that the distinction befween adull
and germ-cell tissue is real. Others ar-
wued that. contrary to the situation with
primate DNA, viruses are not a cenfral
problem with cold-blooded vertebrates
and therefore no distinction should be
made on the basis of tissue origin. Fi-
nally, the committee recommended, on a
divided vote (8 to 4), to adopt P2+EKI1
when the cold-blooded vertebrate DNA
is isolated from embryonic tissue or
germ-line cells. Upon reviewing these
considerations, I have decided to retain
the containment levels for embryonic or
germ-line DNA from cold-blooded verte-
brates as recommended by the commit-
tee.

In April the commitiee also reviewed,
at our request, the classification of ex-
periments where DNA is derived from
other cold-blooded animals or lower eu-
karyotes. Several commentators, for ex-
ample, had been concerned about the fact
that insects are known to carry agents

‘pathogenic to man. In the committee re-

view, it was noted that viruses carried by
insects and known to transmit disease to
man are RNA rather than DNA viruses
and do not reproduce via DNA copied
from RNA. In order, however, to make
the intent clearer, the guidelines have
been rewritten for experiments of this
class. New language is inserted to ensure
that strict containment levels are em-
ployed when the DNA comes from known
pathogens or species known to carry
them. Further, to reduce the potential
hazards, we have also included in the
guidelines the requirement that any in-
sect must be grown under laboratory con-
ditions for at least 10 generations prior
to its use as a DNA source.

2. As alluded to above, certain com-
mentators expressed concern that when
E. coli becomes the host of recombinant
DNA from prokaryotes with which DNA
1s not usually exchanged, there is hazard
of altered host characteristics resulting
from translation of the DNA into func-
tloning proteins. The committee was
asked to review the guidelines and take
into account this potential hazard. They
agreed that the containment levels
should be increased for this category of
experiment, from P2+EK1 to either
P24 EK2 or P34+EK1. That recommen-
dation is included in the present guide-
lines.

Comments were made concerning that
elass of experiments in which the recom-
binant DNA, regardless of source, has
been cloned. A clone is a population of
cells derived from a single cell and there-
fore all the cells are presumed to be gen-
etically identical. As outlined in the pro-
posed guidelines, clones could be used ab
lower containment levels if they had
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been rigorously characterized and shown
to he free of harmful genes, Several com-
mentators inquired how the characteri-
zation was to be performed and the free-
dom from harmful genes demonstrated.
Although the committee acknowledges
that these terms are unavoidably vague,
they do cite appropriate scientific meth-
ods to make relevant determinations.
Again, this is a rapidly changing area and
maore clarity and precision can be ex-
pected with experience. Reduced con-
tainment requirements for this class of
experiment are warranted because of the
purified nature of clones. Further. the
granting agency must approve the clone
Lefore containment conditions can be re-
duced, thus providing an additional ele-
ment of review.

4, Another comment was related to the
use of DNA from organelles (intracellu-
lar-elements that contain special groups
of genes for particular cell functions).
Concern was expressed about the poten-

tial contamination of purified organelle

DNA with DNA from viruses because of
the similarity of their structures. The
committee agrees, and the guidelines now
specify a requirement, that the organ-
elles be isolated prior to extracting DNA,
as a further means of reducing the haz-
ard of viral contamination.

5. Some commentators were troubled
about the lowering of containment for
that class of experiments involving re-
combinations with cell DNA segments
purified by chemical or physical methods.
They asked that procedures for deter-
mining the state of purification be more
fully detailed and that the Recombinant
Advisory Committee certify the purity.
There are, however, appropriate tech-
niques, such as gel electrophoresis, with
which a purity of 99 percent by mass can
be achieved and ascertained. There is no
way for the committee to certify these
results beyond repeating the experiments
themselves. These techniques are well
documented and described in the litera-
ture. I do not believe it s necessary or
feasible for the committee to review each
procedure for purification of DNA.

6. Comments were made concerning
the use of DNA derived from animal vi-
ruses. It was urged that containment lev-
els for this class of experiment be in-
creased. On the basis of my review, I find
the containment conditions appropriate
to the potential hazard posed. As defined
in the guidelines, experiments are to be
done at very strict levels of containment
and these can be lowered only when the
cloned DNA recombinants have been
shown to be free of possibly harmful
genes by suitable biochemical and blo-
logical tests. This also pertains to DNA
that is copied from RNA viruses. In no
instance are the guidelines more lenient,
and in most instances they are more
stringent than conditions obtaining In
many laboratories where such viruses are
studied in non-DNA-recombinant exper-
iments.

Y1, CLASSIFICATION OF EXPERIMENTS USING

CONTAINMENT SYSTEMS OTHER THAN E.

COLI K—12

1. No issue with regard to these guide-
lines raised more comment than the use
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of animal viruses as vectors. Of special
concern to many commentators was the
use of the simian (monkey) virus 49
(hereafter “SV407”). Some suggested a
complete ban on the use of this virus;
others urged its retention as a vector.
SV40 is not known to produce any disease
in man, although it can be grown in hu-
man cells and on very rare occasions has
been isoiated from humans. Many bo-
mans have received SV40 virus inadvert-
ently in vaccines prepared from virus
grown in monkey kidney-cell cultures.
Al intensive search has been made and
is continuing for evidence thaf SV40
might cause cancer or be otherwise path-
ogenic for man. At present, it-is my view
that the extensive knowledge we have of
§V40 virus provides us with sufficient sc-
phistication to ensure its sate han-
dling under the conditions developed fcr
its use in the guidelines.

I believe work with SV40 should con-
tinue under the cost careful conditions.
but I do recognize and appreciate the
concerns expressed over its possible
harmful effects in humans. In light of
these concerns, T asked the Recombinant
Advisory Committee to review this sec-
tion of the guidelines. The committee
reconsidered the containment conditions
for this class of experiments and judged
them appropriate to meet the potentiai
hazards.' .

This class of experiments will proceed
under the most careful and stringent
conditions. Work with SV40 virus will be
done at the maximum level of physical
containment (P4). The extraordinary
precautions required in a P4 facility less-
en the likelihood of a potential hazard
from this work. Only defective SV40
virus will be used as vector; that is, the
SV40 virus particles that carry the for-
eign DNA cannot multiply by themselves.
Waen a number of strict conditions are
met, this work will be permitted to go on
at the third level of containment ¢(P3).
which in itself requires care and preci-
sion. It should be noted that SV40 virus
and its DNA can be efficiently disinfected
by Clorox and autoclaving. These are
customary procedures for disinfecting
glassware and other items used in SV40
animal-cell work.

Some commentators suggested that
the containment criteria for experiments
using polyoma virus as the vector be
strengthened. There is no evidence that
polyoma infects humans or replicates to
any significant extent in human cells. It
holds promise as a vector, as is more fully
documented in an appendix to these
guidelines.

2. Several commentators found the
guidelines inadequate regarding experi-
ments with plant host-vector systems.
Because NIH shared these concerns, a
group with extensive experience with
plants was appointed to review this sec-
tion. The group met concurrently with

+ One member dissented from this position.
During the discussion, additional language
was recommended (and adopted) to ensure
that the defective SV40-virus/helper-virus
system, with 1ts inserted non-3V40 DNA seg-
ment, does not replicate In human cells with
significantly more effictency than does /8V40,
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the Recombinant Advisory Committee
in April 1976 and made several modifica-
tions. The suggested revisions were ac-
ceptable to the full committee, and we
have included them in the guidelines.
The modifications are responsive to
the stated concerns of the commentators.
A description of greenhouse facilities is
given, and physical containment condi-
tions have been modified to take into
account operations with whole plants. On
the whole, the respective portions of the
cuidelines relating to plants are more
fully explained and the intent is clarified.
I have also accepted the recommenda-
tion of the subcommittee to lower the
biological containment level from EX2 to
EK1 for experiments in which the DNA
from plants is used in conjunction with
the E. coli K-12 host-vector system,
thereby setting containment in this in-
stance at the same level required for ex-
periments with lower-eukaryote DNA.

VII. ROLES AND RESPONSIBILITIES

1. Most commentators had suggestions
for the section on the roles and responsi-
bilities of investigators, their local insti-~
tutions, and NIH. Commentators gen-
erally urged openness, candor, and
public participation in the process, em-
phasizing shared responsibility and ac-
countability from the local to the na-
tional level. We reviewed that section of
the guidelines in light of these comments
and have asked,the Recombinant Ad-
visory Commitiee to review certain
issues.

It is clear that much of the success of
the guidelines will lie in the wisdom with
which they are implemented. Because of
the importance of this section, especially
in terms of safety programs and plans,
we have carefully weighed the comments
and suggestions made in this regard. NIH
has a special responsibility to take a
leading role in ensuring that safety pro-
grams are part of all recombinant DNA
research. Dr. Barkley and a specially
convened committee were asked to pro-
vide greater detail for safety, accident,
and training plans for this section of the
guidelines. Based on their recommenda-
tions, the section has been extensively
rewritten to clarify the respective re-
sponsibilities of the principal investiga-
tor, the institution (including the insti-
tutional biohazards committee) , the NIH
inital review group (study section), the
NIH Recombinant DNA Molecule Pro-
gram Advisory Committee, and NIH staff.

This section has a definitive adminis-
trative framework for assuring that
safety is an essential and integrated com-
ponent of research involving recombinant
DNA molecules. The guidelines require
investigators to institute, monitor, and
evaluate containment and safety prac-
tices and procedures. Before research is
done, the investigator must have safety
and accident plans in place and training
exercises for the staff well under way.

Some commentators suggested that
the investigator be required to obtain in-
formed consent of laboratory personnel
prior to their participation. Rather than
rely explicitly on an informed consent
document, the guidelines now make the
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investigator responsible for advising his
program and support staff as to the na-
ture and assessment of the real and po-
tential biohazards. He must explain and
provide for any advised or requested pre-
cautionary medical policies, vaccinations,
or serum coilections. Further, an appen-
dix to the guidelines includes detailed
explanations for,dealing with accidents,
as well as instructions for the training of
staff in safefy and accident procedures.

In response fto suggestions for epi-
demiological monitoring, the guidelines
now require the principal investigator to
report, certain categories of accidents. in
writing, to appropriate officials. NIH is
investigating procedures for long-term
surveillance of workers engaged in re-
combinant DNA research.

2. A number of comments on the role
and responsibilities of the institutional
biohazards committee were received.
Comments were directed to the structure
of the committee, the scope of its respon-
sibility, and the methods for operation.
Comments on structure included sugges-
tions that the committee have a broadly
based representation, especially in terms
of health and safety expertise. Some
others suggested NIH require certain
classes of representation. In response to
these suggestions, the guidelines now
recommend membership from a diversity
of disciplines relevant to recombinant
DNA molecule technology, biological
safety, and engineering.

For broader representation beyond the
immediate scientific expertise, the guide-
lines now recommend that local commit-
tees should possess, or have available, the
competenee necessary to determine .the
acceptability of their findings in terms
of applicable laws, regulations, standards
of practice, community attitudes, and
health and environmental considerations.
The names of and relevant background
information on the committee members
will be reported to NIH.

In response to suggestions that deci-
sions of the committee be made publicly
available, the guidelines now recommend
that minutes of the meetings should be
kept and made available for public in-
spection.

Commentators generally approved of
the responsibility given to the institu-
tional biohazards committee to serve as
a source of advice and reference to the
investigator on scientific andsafety ques-
tions. It was further suggested that the
committee’s responsibility be broadened
in the development, monitoring, and
evaluation of safety standards and pro-
cedures. In response to these suggestions,
the guidelines now indicate that the in-
stitutional biohazards committee has the
responsibility to certify, and recertify
annually, to NIH that the facilities, pro-
cedures, practices, training, and exper-
tise of involved personnel have been re-
viewed and approved. The Recombinant
Advisory Committee suggested that ex-
amination might be unnecessary for P1
facilities, but we believe that all facilities
should be reviewed to emphasize the im-
portance of safety programs.

Some commentators suggested that the
guidelines should stipulate that the local

committees be required to determine the
containment conditions to be imposed for
4 given project (which the draft guide-
lines specifically noted was not their re-
sponsibility ). The Recombinant Advisory
Committee took exception to this sugges-
tion. They urged NIH not to include these
conditions as local requirements, argu-
ing among other things that rsview by
the NIH study sections would provide the
necassary scrutiny at the national level
and assure uniformity of standards in
application of the guidelines. I do not
believe that NIH should require the local
institution to have its biohazards com-
mittee assess what containment condi-
tions are required for a given project. On
the other hand, the guidelines should not
prohibit the local institution from hav-
ing its biohazards committee perform
this function. Accordingly, I have deleted
the prohibition that appeared in the pro-
posed guidelines.

Anocther suggestion was that the local
committee ensure that research is carried
out in accordance.with standards and
procedures under the Occupational Safe-
ty and Health Act (OSHA). This is an
area of importance to the local institu-
tions under Federal and State law, but
need not be included as a requirement in
the guidelines. NTH will maintain liaison
with the Occupational Safety and Health
Administration (Department of Labor)
to ensure maximum Federal cooperation
in this venture.

I would also encourage all institutions,
as suggested by several commentators, to,
review their insurance compensation pro-
grams to determine whether their lab-

-oratory personnel, in the research area,

are covered for injuries.

3. The commentators approved of hav-
ing the NIH study sections responsible
for making an independent evaluation of
the classification of the proposed re-
search under the guidelines, along with
the customary judgment of the scientific
merit of each grant application. This ad-
ditional element of review will ensure
careful attention to potential hazards in
the research activity. The study sections
will also scrutinize the proposed safe-
guards. Biological safety expertise shall
be available to the study section for con-
sultation and guidance in this regard.

4. Several commentators made sugges~
tions concerning the structure, function,
and scope of responsibility of the NIH
Recombinant DNA Molecule Program
Advisory Committee.

Comments on possible structural
mechanisms for decision. making in-
cluded suggestions that there be a sci-
entific and technical committee and a
general advisory public policy committes.
It was also suggested that the scientific
committee include scientists who are not
actively engaged in recombinant re-
search, and that the public policy com-
mittee have a broad scientific and pub-
lic representation.

I have carefully reviewed these com-
ments and suggestions. In response, the
following structure has been devised. The
Recombinant Advisory Committee shall
serve as the sclentific and technical com-
mittee. Its membership shall continue to
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include scientists who represent disci-
plines actively engaged in recombinant
DNA research. In my view, it is most im~
portant that this committee have the
necessary expertise to assure that the
guidelines are of .the highest scientific
quality. The committee has provided this
expertise in the past, and it must con-
tinue to do so. The committee shall also
include members from other scientific
disciplines.

It should be noted that the present
committee recommended on its own ini-
tiative that a nonscientist be appointed.
Emmette S. Redford, Ph.D., LL.D., Ash-
bel Smith Professor of Government and
Public Affairs at the Lyndon B. Johnson
School of Public Affairs, University of
Texas at Austin, serves in that capacity.
An ethicist has also heen nominated for
appointment.

The Advisory Committee to the Direc-
tor, NIH, shall serve to provide the
broader public policy perspectives. This
committee, at its meeting on February
9-10, 1976, reviewed the proposed guide-

. lines with the participation of public wit-
nesses, and shall continue to provide such
review for future activities of the Recom-
binant Advisory Committee.

Ia response to suggestions, the respon-
sibilities of the Recombinant Advisory
Committee have been expanded. In ad-
dition to reviewing the guidelines for
possible modification as scientific evi-
dence warrants, the committee will
certify EK2 and EK3 systems. In re-
-sponse to requests by the investigator,
local committee, or study section, the
committee will also provide evaluation
and review in order to advise on levels
of required containment, on lowering
of requirements when cloned recom-
binants are to be used, and on questions
concerning potential biohazard and ade-
quacy of containment provisions.

Commentators also asked that the
committee review ongoing research
initiated prior to the implementation of
the guidelines. Now that the guidelines
are being released, NIH-funded investi-
gators in this field will be asked to give
assurance, within a given period, that
they will comply. Any investigators who
constructed clones under the Asilomar
guidelines will be asked to petition NIH
for special consideration of their case,
if the new guidelines require higher con-
tainment than did the Asilomar guide-
lines. Here the advice of the Recombi-
nant Advisory Committee will be sought.

There were also suggestions that the
committee certify chemical purification
of recombinant DNA, but as I indicated
earlier, these procedures are too well
known to require NTH monitoring.

5. In light of comments received, NIH
will provide review, through appropriate
NIH offices, of data from Institutional
biohazards committees (including acci-
dent reports) and will ensure dissemina-
tion of these findings as appropriate. Dr.
William Gartland will head the newly
created NIH Office of Recombinant DNA

Activities for these purposes. In addi-
" tion, NIH will provide for rapid dissemi-~
nation -of information through its
Nucleic Acid Recombinant Scientific

NOTICES

Memoranda (NARSM), distributed by
the National Institute for Allergy and
Infectious Diseases. NIH will also pro-
vide an appropriate. mechanism for ap-
proving and certifying clones before
containment conditions can be lowered.

With these extended medifications, the
section of the guidelines dealing with
roles and responsibilities now sets forth
a more fully developed review structure
involving the principal investigator,
local biohazards committees, and the
Recombinant Advisory Committee, as
well as peer review commitiees. Guide-
lines now provide extensive opportunity
for advice, from the local to the national
level. Several levels of review and scru-
tiny are provided, ensuring the highest
standards for scientific merit and con-

_ditions for safety.

The Recombinant Advisory Committee
in conjunction with the Director’s Ad-
visory Committee shall continue to serve
as an ongoing forum for examining
progress in the technology and safety of
recombinant DNA research. Their re-
sponsibility, and that of the NIH Di-
rector, is to ensure that the guidelines,
through modification when called for,
reflect the soundest scientific and safety
evidence as it accrues in this area. Their
task, in a sense, is just beginning.

DonaLp S. FREDRICKSON,
Director,
National Institute of Health.

GUIDELINES FOR RESEARCH INVOLVING
RECOMBINANT DNA MOLECULES
JuNE 1976

I. Introduction.

II. Containment:

A. Standard practices and training.

B. Physical containment levels: Pl level
(Minimal); P2 Level (Low); P3 Level (Mod-
erate); P4 Level (High).

C. Shipment.

D. Biological containment levels.

III. Experimental Guidelines:

A. Experiments that are not t¢ be per-
formed.

B. Containment guidelines for permissible
experiments:

1. Blological containment criteria using E.
Coli K-12 host-vectors; EK1 host-vectors;
EK2 host-vectors; EK3 host-vectors.

2. Classification of experiments using tbe
E. Coli K-12 containment systems:

(a) Shotgun experiments:

{i) Eukaryotic DNA recombinants;

(iiy Prokaryotic DNA recombinants;

(iii) Characterized clones of DNA recom-
binants derived from shotgun experiments,

(b Purified cellular DNAs other than
plasmids, bacteriophages, and other viruses.

(¢) Plasmids, bacteriophages, and. other
viruses:

(i) Animal Viruses;

(ii) Plant Viruses;

(iii) Eukaryotic organelle DNAs;

(lv) Prokaryotic plasmid and phage DNAs.

3. Experiments with other prokaryotic
host-vectors.

4. Experiments with eukaryotic host-vec-
tors:

(@) Animal host-vector systems;

(b) Plant host-vector systems;

(¢) Fungal or similar lower eukaryotic
host-vector systems.

IV. Roles and Responsibilities:

A. Principal investigataor;

B. Institution;

C. NIH Initial Review Group (Study Sec-
tlons);
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D. NIH Recombinant DNA Molecule Fro-
gram Advisory Committee;

E. NIH Staff.

V. Footnotes.

VI. References.

VII. Members of the Recombinant DNA
Molecule Program Advisory Committee.

APPENDICES

A. Statement on the use of Bacillus sub-
tilis in recombinant molecule technology.

B. Polyoma and SV40 Virus.

C. Summary of Workshop on the Design
and Testing of Safer Prokaryotic Vehicles
and Bacterial Hosts for Research on Recom-
binant DNA Molecules.

D. Supplementary Information on Phys-
ical Containment (Including Detailed Con-
tents) .

I. INTRODUCTION

The purpose of these guidelines is to
recommend safeguards for research on
recombinant DNA molecules to the Na-
tional Institutes of Health and to other
institutions ‘that support such research.
In this context we define recombinant
DNAs as molecules that consist of dif-
ferent segments of DNA which have heen
joined together in cell-free systems, and
which have the capacity to infect and
replicate in some host cell, either au-
tonomously or as an integrated part of
the host’s genome. .

This is the first attempt to provide a
detailed set of guidelines for use by study
sections as well as practicing scientists
for evaluating research on recombinant
DNA molecules. We cannot hope to an-
ticipate all possible lines of imaginative
research that are possible with this pow-
erful new methodology. Nevertheless, a
considerable volume of written and
verbal contributions from scientists in a
variety of disciplines has been received,
In many instances the views presented to
us were contradictory. At present, the
hazards may be guessed at, speculated
about, or voted upon, but they cannot be
known absolutely in the absence of firm
experimental data—and, unfortunately,
the needed data were, more often than
not, unavailable. Our problem then has
been to construct guidelines that allow
the promise of the methodology to be
realized while advogating the consider-
able caution that is demanded by what
we and others view as potential hazards.

In designing these guidelines we have
adopted the following principles, which
are consisten{ with the general conclu-
sions that were formulated at the Inter-
national Conference on Recombinant
DNA Molecules held at Asilomar Confer-
ence Center, Pacific Grove, California, in
February 1975 (3): (i) There are cer-
tain experiments for which the assessed
potential hazard is so serious that they
are not to be attempted at the present
time. ¢ii) The remainder can be under-
taken at the present time provided that
the experiment is justifiable on the basis
that new knowledge or benefits to hu-
mankind will accrue that cannot readily
be obtained by use of conventional meth-
odology and that appropriate safeguards
are incorporated into the design and ex-
ecution of the experiment. In addition to
an insistence on the practice of good-
microbiological techniques, these safe-
guards consist of providing both physical
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and blological barriers to the dissemina-
tion of the potentially hazardous agents.
(iid) - The level of containment provided
by these barriers is to match the esti-
mated potential hazard for each of the
different classes of recombinants. For
projects in a given class, this level is to
be highest at initiation and modified
subsequently only if there is a substan-
tiated change in the assessed risk or in
the applied methodology. (iv) The guide-
lines will be subjected to periodic review
(at least annually) and modified to re-
flect improvements in our knowledge of
the potential biohazards and of the avail-
able safeguards.

In constructing these guidelines it has
been necessary to define boundary con-
ditions for the different levels of physical
and biological containment and for the
classes of experiments to which they ap-
ply. We recognize that these definitions
do not take into account existing and
anticipated special procedures and infor-
mation that will allow porticular experi-
ments to be carried out under different
conditions than indicated here without
sacrifice of safety. Indeed, we urge that
individual investigators devise simple
and more effective containment proce-
dures and that study sections give con-
sideration to such procedures which may
allow change in the containment levels
recommended here.

It is recommended that all publications
dealing with recombinant DNA work in-
clude a description of the physical and
hiological containment procedures prac-
ticed, to aid and forewarn others who
might consider repeating the work.

II, CONTAINMENT

Effective biological safety programs
have been operative in a variety of labo-
ratories for many years. Considerable in-
formation therefore already exists for the

design of physical containment facilities

and the selection of laboratory proce-
dures applicable to organisms carrying
recombinant DNAs (4-17). The existing
programs rely upon mechanisms that, for
convenience, can be divided into two
categories: (i) a set of standard prac-
tices that are generally used in micro-
biclogical laboratories, and (ii) special
procedures, equipment, and laboratory
installations that provide physical bar-
riers which are applied in varying degrees
according to the estimated biohazard.
" Experiments on recombinant DNAs by
their very nature lend themselves to a
third containment mechanism-—namely,
the application of highly specific biologi-
cal barriers. In fact, natural barriers do
exist which either limit the infectivity of
a vector or vehicle (plasmid, bacterio-
phage or virus) to specific hosts, or its
dissemination and survival in the envi-
ronment. The vectors that provide the
means for replication of the recombi-
nant DNAs and/or the host cells in which
they replicate can be genetically designed
to decrease by many orders of magni-
tude the probability of dissemination of
recombinant DNAs outside the labora-
tory. ) ’

As these three means of containment
are complementary, different levels of
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containment appropriate for experiments
with different recombinants can be es-
tablished by applying different combina-
tions of the physical and biological bar-
riers to a constant use of the standard
practices. We conszider these categories of
containment separately here in order
that such combinations can be conveni-
ently expressed in the guidelines for re-
search on the different kinds of recom-
bhinant DNA (Section III).

A. Standard practices and iraining.
The first principle of containment is a
strict adherence to good microbiological
practices (4-13). Consequently, all per-
sonnel.directly or indirectly involved in
experiments on recombinant DINAs must
receive adequate instructicn. This should
include at least training in aspectic tech-
niques and instruction in the biology of
the organisms used in the experiments
50 that the potential biohazards can be
understood and appreciated.

Any rasearch group working with
agents with a known or potential bio-
hazard should have an emergency plan
which describes the procedures to be
followed if an accident contaminates per-
sonnel or environment. The principal in-
vestizgator must ensure that everyone in
the laboratory is familiar with both the
potential hazards of the work and the
emergency plan. If a research group is
working with a known pathogen for

which an effective vaccine is available, all

workers should be immunized. Serologi-
cal monltoring, where appropriate,
should be provided.

B. Physical containment levels. A va-
riety of combinations (levels) of special
practices, equipment, and laboratory in-
stallations that provide additional physi-
cal barriers can be formed. For example,
31 combinations are listed in “Labora-
tory Safety at the Center for Disease
Control” (4); four levels are associated
with the “Classification of ZEtiologic
Agents on the Basis of Hazard” (5), four
levels were recommended in the “Sum-
mary Statement of the Asilomar Con-
ference on Recombinant DNA Molecules”
(3); and the National Cancer Institute
uses three levels for research on onco-
genic viruses (6). We emphasize that
these are an aid to, and not a substitute
for, good technique. Personnel must be
competent in the effective use of all
equipment needed for the required con-
tainment level as described below. We
define only four levels of physical con-
tainment here, both because the accuracy
with which one can presently assess the
bichazards that may result from recom-
binant DNAs does not warrant a more
detailed classification, and because addi-
tional flexibility can be obtained by com-
bination of the physical with the biologi-
cal barriers. Though different in detail,
these four levels (P1<P2<P3<P4) ap-
proximate those given for human etio-
logic agents by the Center for Disease
Control (i.e., classes 1 through 4; ref. 5),
in the Asilomar summary statement (i.e.,
minimal, low, moderate, and high: ref.
3), and by the National Cancer Institute
for oncogenic viruses (i.e., low, moderate,
and high; ref. 6), as is indicated by the
P-number or adjective in the following
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headings. It should be emphasized that
the descriptions and assignments of
physical containment detailed below are
based on existing approaches to contain-
ment of hazardous organisms.

We anticipate. and indeed already
know of, procedures (14) which enhance
physical containment capability in novel
ways. For example, miniaturization of
screening, handling, and analytical pro-
cedures nrovides substantial containment
cf a given host-vector system. Thus, such
procedures should reduce the need for
the standard types of physical contain-
ment, and such innovations will be con-
cidered by the Recombinant DNA Molec-
cule Frogram Advisory Committee.

The special practices, equipment and
facility installations indicated for each
level of physical containment are re-
quired for the safety of laboratory work-
ers, other persons, and for the protection
of the environment. Optional items have
been excluded; only those items deemed
absolutely necessary for safety are pre-
sented. Thus, the listed requirements
present basic safety criteria for each
level of physical containment. Other
microbiological practices and laboratory
techniques which promote safety are to
be encouraged. Additional information
giving further guidance on physical con-
tainment is provided in a supplement to
the guidelines (Appendix D).

Pl Level (Minimal). A laboratory
suitable for experiments involving re-
combinant DNA molecules requiring
physical containment at the P1 level is
a laboratory that possesses no special
engineering design features. It is a labo-
ratory commonly used for microorga-
nisms of no or minimal biohazard under
ordinary conditions of handling. Work in
this laboratory is generally conducted on
open bench tops. Special containment
equipment is neither required nor gen--
erally available in this laboratory. The
laboratory is not separated from the gen-
eral traffic patterns of the building. Pub-
lic access is permitted.

The control of biohazards at the P1
level is provided by standard microbio-
Iogical practices of which the following
are examples: (i) . Laboratory doors
should be kept closed while experiments
are in progress. (il) Work surfaces should
be decontaminated daily and following
spills of recombinant DNA materials.
(iii) Liquid wastes containing recom-
binant DNA materials should be decon-
taminated before disposal. (iv) Solid
wastes contaminated with recombinant
DNA materials should be ‘decontami-
nated or packaged in a durable leak-
proof container before removal from the
laboratory. (v) Although pipetting by
mouth is permitted, it is preferable that
mechanical pipetting devices be used.
When pipetting by mouth; -cotton-
plugged pipettes shall be employed.
(vi) Eating, drinking, smoking, and stor-
age of food in the working area should
be discouraged. (vii) Facilities to wash
hands should be available. (viil) An in-
sect and rodent control program should
be provided. (ix) The use of laboratory
gowns, coats, or uniforms is discretionary
with the laboratory supervisor.

-
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P2 Level (Low). A laboratory suitable
for experiments involving recombinant
DNA molecules requiring physical con-
tainment at the P2 level is similar in
construction and design to the P1 labora-
tory. The P2 laboratory must have access
to an autoclave within the building; it
may have a Biological Safety Cabinet.!
Work which does not produce a consider-
able aerosol is conducted on the open
bench. Although this laboratory is not
separated from the general traffic pat-
terns of the building, access to the labo-
ratory is limited when experiments re-
quiring P2 level physical containment
are being conducted. Experiments of
lesser biohazard potential can be carried
out concurrently in carefully demarcated
areas of the same laboratory.

The P2 laboratory is commonly used
for experiments involving microorga-
nisms of low biohazard such as those
which have been classified by the Center
for Disease Control as Class 2 agents (5).

The following practices shall apply to
all experiments requiring P2 level physi-
cal containment: (i) Laboratory doors
shall be kept closed while experiments
are in progress. (i) Only persons who
have been advised of the potential bio-
hazard shall enter the laboratory. (iii)
Children under 12 years of age shall not
enter the laboratory. (iv) Work surfaces
shall be decontaminated daily and im-
mediately following spills of recombi-
nant DNA materials. (v) Liquid wastes of
recombinant DNA materials shall be de-
contaminated before disposal. (vi) Solid
wastes contaminated with recombinant
DNA materials shall be decontaminated
or packaged in a durable leak-proof con-
tainer before removal from the labora-
tory. Packaged materials shall be dis-
posed of by incineration or sterilized be-
fore disposal by other methods. Contam-
inated materials that are to be processed
and reused (i.e., glassware) shall be de-
contaminated before removal from the
laboratory. (vii) Pipetting by mouth is
prohibited; mechanical pipetting devices
shall be used. (viii) Eating, drinking,
smoking, and storage of food are not
permitted in the working area. (ix) Fa-
cilities to wash hands shall be available
within the laboratory. Persons handling
recombinant DNA materials should be
encouraged to wash their hands fre-
quently and when they leave the labora-
tory. (x) An insect and rodent control
program shall be provided. (xi) The use
of laboratory gowns, coats, or uniforms
is required. Such clothing shall not be
worn to the lunch room or outside the
building. (xii) Animals not related to the
experiment shall not be permitted in the
laboratory. (xiii) Biological Safety Cabi-
nets * and/or other physical containment
equipment shall be used to minimize the
hazard of aerosolization of recombinant
DNA materials from operations or de-
vices that produce a considerable aerosol
(e.g., blender, lyophilizer, sonicator,
shaking machine, etc.). (xiv) Use of the
hypodermic needle and syringe shall be
avoided when alternate methods are
available. )

: Footnotes at end of article.
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P3 Level 1Moderate). A laboratory
suitable for experiments involving re-
combinant DNA molecules requiring
physical containment at the P3 level has
special engineering design features and
physical containment equipment. The
laboratory is separated from areas which
are open to the general public. Separa-
tion is generally achieved by controlled
access corridors, air locks, locker rooms
or other double-doored facilities which
are not available for use by the general
public. Access to the laboratory is con-
troiled. Biological Safety Cabinets® are
available within the controlled laboratory
area. An autoclave shall be available
within the building and preferably with-
in the controlled laboratory area. The
surfaces of walls, floors, bench tops, and
ceilings are easily cleanable to facilitate
housekeeping and space decontamina-
tion.

Directional air flow is provided within
the controlled laboratory area. The ven-
tilation system is balanced to provide for
an inflow of supply air from the access
corridor into the laboratory. The gen-
eral exhaust air from the laboratory is
discharged outdoors and so dispersed to
the atmosphere as to prevent reentry
into the building. No recirculation of
the exhaust air shall be permitted with-
out appropriate treatment.

No work in open vessels involving hosts
or vectors containing recombinant DNA
molecules requiring P3 physical contain-
ment is conducted on the open bench.
All such procedures are confined to Bio-
logical Safety Cabinets.!

The following practices shall apply to
all experiments requiring P3 level physi-
cal containment: (i) The universal bio-
hazard sign is required on all laboratory
access doors. Only persons whose entry
into the laboratory is required on the
basis of program or support needs shall
be authorized to enter. Such persons shall
be advised of the potential biohazards be-
fore entry and they shall comply with
posted entry and exit procedures. Chil-
dren under 12 years of age shall not enter
the laboratory. (ii) Laboratory doors
shall be kept closed while experiments
are in progress. (iii) Biological Safety
Cabinets* and other physical contain-
ment equipment shall be used for all
precedures that produce aerosols of re-
combinant DNA materials (e.g., pipetting,
plating, flaming, transfer operations,
grinding, blending, drying, sonicating,
shaking, etc.). (iv) The work surfaces of
Biclogical Safety Cabinets' and other
equipment shall be decontaminated fol-
lowing the completion of the experi-
mental activity contained within them.
(v) Liquid wastes containing recombi-
nant DNA materials shall be decontami-
nated before disposal. Solid wastes con-
taminated with recombinant DNA ma-
terials shall be decontaminated or pack-
aged in a durable leak-proof container
before removal from the laboratory.
Packaged material shall be sterilized be-
fore disposal. Contaminated materials
that are to be processed and reused (l.e,
glassware) shall be sterilized In the con-
trolled laboratory area or placed in a dur-
able leak-proof container before removal

[13]

from the controlled laboratory area. This
container shall be sterilized before the
materials are processed. (vii) Pipetting
by mouth is prohibited; mechanical pi-
petting devices shall be used. (vii) Eating
drinking, smoking, and storage of food
are not permitted in the laboratory. (ix)
Facilities to wash hands shall be availa-
ble within the laboratory. Persons shall
wash hands after experiments involving ’
recombinant DNA materials and before
leaving the laboratory. (x) In insect and
rodent control program shall be provided.
(xi) Laboratory clothing that protects
street clothing (i.e., long sleeve solid-
front or wrap-around gowns, no-bhutton
or slipover jackets, etc.) shall he worn in
the laboratory. FRONT-BUTTON LAB-
ORATORY COATS ARE UNSUITABLE.
Gloves shall be worn when handling re-
combinant DNA materials. Provision for
laboratory shoes is recommended. Labo-
ratory clothing shall not be worn out-
side the laboratory and shall be decon-
taminated before it is sent to the laun-
dry. (xii) Raincoats, overcoats, topcoats,
coats, hats, caps, and such street outer-
wear shall not be kept in the laboratory.

(xiii) Animals and plants not related
to the experiment shall not be permitted
in the laboratory. (xiv) Vacuum lines
shall be protected by filters and liquid
traps. (xv) Use of the hypodermic needle
and syringe shall be avoided when alter-
nate methods are available. (xvi) If ex- -
periments of lesser biohazard potential
are to be conducted in the same labora-
tory concurrently with experiments re-
quiring P3 level physical containment
they shall be conducted only in accord-
ance with all P3 level requirements.
(xvil) Experiments requiring P3 -level
physical containment can be conducted
in laboratories where the directional air
flow and general exhaust air conditions
described above cannot be achieved, pro-
vided that this work is conducted in ac-
cordance with all other requirements
listed and is contained in a Biological
Safety Cabinet® with attached glove
ports and gloves. All materials before re-
moval from the Biological Safety Cabi-
net * shall be sterilized or transferred to a
non-breakable, sealed container, which
is then removed from the cabinet through
a chemical decontamination tank, auto-
clave, ultraviolet air lock, or after the
entire cabinet has been decontaminated.

P4 Level (High). Experiments involv-
ing recombinant DNA molecules requir-
ing physical containment at the P4 level
shall be confined to work areas in a facil-
ity of the type designed to contain micro-
organisms that are extremely hazardous
to man or may cause serious epidemic
disease. The facility is either a separate
building or it is a controlled area, within
a building, which is completely isolated
from all other areas of the building. Ac-
cess to the facility Is under strict control.
A specific facility operations manual is
available. Class III Biological Safety
Cabinets * are available within work areas
of the facillity.

A P4 facility has engineering features
which are designed to prevent the escape
of microor; to the environment
(14, 15, 16, 17). These features include:
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(i) Monolithic walls, floods, and ceilings
in which all penetrations such as for air
ducts, electrical conduits, and utility
pipes are sealed to assure the physical
isolation of the work area and to facili-
tate housekeeping and space decontami-
nation; (i) air locks through which sup-
plies and materials can be brought safely
into the facility: (iii) contiguous cloth-
ing change and shower rooms through
which personnel enter into and exit from
the facility; (iv) double-door autoclaves
to sterilize and safely remove wastes and
other materials from the facility; (v) a
biowaste treatment system to sterilize
liquid effluents if facility drains are in-
stalled; (vi) a separate ventilation Sys-
tem which rhaintains negative air pres-
sures and directional air flow within the
facility; and (vil) a treatment system to
decontaminate exhaust air before it is
dispersed to the atmosphere. A central
vacuum utility system is not encouraged;
if one is installed, each branch line lead-
ing to a laboratory shall be protected by
a high efficiency particulate air filter.
The following practices shall apply to
all experiments requiring P4 level physi-
cal containment: (i) The universal bio-
hazard sign is required on all facility
access doors and all interior doors to in-
dividual laboratory rooms where experi-
ments are conducted. Only persons whose
entry into the facility or individual labo-
ratory rooms is required on the basis of
program or support needs shall be au-
thorized to enter. Such persons shall be
advised of the potential biohazards and
instructed as to the appropriate safe-
guards to ensure their safety before
-entry. Such persons shall comply with
the instructions and all other posted en-
try and exit procedures. Under no con-
dition shall children under 15 years of
age be allowed entry. (ii) Personnel shall
enter into and exit from the facility
only through the clothing change and
shower rooms. Personnel shall shower at
each exit from the facility. The air locks
shall not be used for personnel entry or
exit except for emergencies. (iii) Street
clothing shall be removed in the outer
facility side of the clothing change area
and kept there. Complete laboratory
clothing including undergarments, pants
and shirfs or jumpsuits, shoes, head
cover, and gloves shall be provided and
used by all persons who enter into the
facility. Upon exit, this clothing shall be
stored in lockers provided for this pur-
pose or discarded into collection hampers
before personnel enter into the shower
area. (iv) Supplies and materials to be
taken into the facility shall be placed in
an entry air lock. -After the outer door
(opening to the corridor outside of fa-
cility) has been secured, personnel oc-
cupying the facility shall retrieve the
supplies and materials by opening the
interior air lock door. This door shall be
secured after supplies and materials are
brought into the facility. (v) Doors to
laboratory rooms within the facility shall
be kept closed while experiments are in
progress. (vi) Experimental procedures
requiring P4 level physical containment
shall be confined to Class IIT Biological
Safety Cabinets.' All materials, before

See footnotes at end of article.

NOTICES

removal from these cabinets, shall be
sterilized or transferred to a non-break-
able sealed container, which is then re-
moved from the system through a chemi-
cal decontaminated tank, autoclave, or
after ‘the entire system has been
decontaminated.

(vil) No materials shall be removed
from the facility unless they have been
sterilized or decontaminatel in a manner
to prevent the release of agents requiring
P4 physical containment. All wastes and
other materials and equipment not dam-
aged by high temperautre or steam shall
be sterilized in the double-door autoclave.
Biological materials to be removed from
the facility shall be transferred to a2 non-
breakable sealed container which is then
removed from the facility through a
chemical decontamination tank or a
chamber designed for gas sterilization.
Other materials which may be damaged
by temperature or steam shall be steri-
lized by gaseous or vapor methods in an
air lock or chamber designed for this
burpose. (viii) Eating, drinking, smok-
ing, and storage of food are not per-
mitted in the facility. Foot-operated
water fountains located in the facility
corridors are permitted. Separate po-
table water piping shall be provided for
these water fountains. (ix) Facilities to
wash hands shall be available within the
facility. Persons shall wash hands after
experiments. (Xx) An insect and rodent
control program shall be provided. (xi)
Animals and plants not related to the
experiment shall not be permitted in the
facility. (xiD) If a central vacuum system
is provided, each vacuum outlet shall be
protected by a filter and liquid trap in
addition to the branch line HEPA filter
mentioned above. (xiii) Use of the hypo-
dermic needle and syringe shall be
avoided when alternate methods are
available. (xiv) If experiments of lesser
biohazard potential are to be conducted
in the facility concurrently with experi-
ments requiring P4 level containment,
they shall be confined in Class I or Class
II Biological Safety Cabinets® or isolated
by other physical containment equip-
ment. Work surfaces of Biological Safety
Cabinets * and other equipment shall be
decontaminated following the comple-
tion of the experimental activity con-
tained within them. Mechanical pipet-
ting devices shall be used. All other prac-
tices listed above with the exception of
(vi) shall apply.

C. Shipment. To protect product, per-
sonnel, and the environment, all recom-
binant DNA material will be shipped in
containers that meet the requirements
issued by the U.S. Public Health.Service
(Section 72.25 of Part 72, Title 42, Code
of Federal Regulations), Department of
Transportation (Section 173.387(b) of
Part 173, Title 49, Code of Federal Reg-
ulations) and the Civil Aeronautics
Board (C.A.B. No. 82, Official Air Trans-
port Restricted Articles Tariff No. 6-D)
for shipment of etiologic agents. Label-
ing requirements specified in these Fed-
eral regulations and tariffs will apply to
all viable recombinant DNA materials in
which any portion of the material is
derived from an etiologic agent listed in

paragraph (¢) of 42 CFR 72.25. Addi-
tional information on packing and ship-
ping is given in a supplement to the
guidelines (Appendix D, part X).

D. Biological containment levels. Bio-
logical barriers are specific to each host-
vector system. Hence the criteria for this
mechanism of containment cannot be
generalized to the same extent as for
physical containment. This is particu-
larly true at the present time when our
experience with existing host-vector Sys-
tems and our predictive knowledge about
projected systems are sparse. The clas-
sification of experiments with recombi-
nant DNAs that is necessary for the
construction of the experimeneal guide-
lines (Section ITI) can be accomplished
with least confusion if we use the host-
vector system as the primary element
and the source of the inserted DNA as
the secondary element in the classifica-
tion. It is therefore convenient to specify
the nature of the biological containment
under host-vector headings such as those
given below for Escherichia coli K-12.

II]':. EXPERIMENTAL GUIDELINES

A general rule that, though obvious,
deserves statement is that the level of
containment required for any experiment
on DNA recombinants shall never be less
than that required for the most hazard-
ous component used to construct and
clone the recombinant DNA (i.e., vector,
host, and inserted DNA). In most cases
the level of containment will be greater,
particularly when the recombinant DNA.
is formed from species that ordinarily
do not exchange genetic information.
Handling the purified DNA will generally
require less stringent precautions than
will propagating the DNA. However, the
DNA itself should be handled at least
as carefully as one would handle the most
dangerous of the DNAs used to make it.

The above rule by itself effectively pre-
cludes certain experiments—namely,
those in which one of the components
Is in Class 5 of the “Classification of
Etiologic Agents on the Basis of Haz-
ard” (5), as these are excluded from the
United States by law and USDA admin-
istrative policy. There are additional ex-
periments which may engender such seri-
ous bichazards that they are not to be
performed at this time. These are con-
sidered prior to presentation of the con-
tainment guidelines for permissible
experiments.

A. Experiments that are not to be per-
formed. We recognize that it can be
argued that certain of the recombinants
placed in this category could be ade-
quately contained at this time. Nonethe-
less, our estimates of the possible dangers
that may ensue if that containment fajls
are of such a magnitude that we consider
it the wisest policy to at least defer
experiments on these recombinant DNAs
until there is more information to accu-
rately assess that danger and to allow
the construction of more effective biologi-
cal barriers. In this respect, these guide-
lines are more stringent than those ini-
tially recommended (1),

The following experiments are not to
be initiated at the present time: (i) Clon-
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ing of recombinant DNAs derived from
the pathogenic organisms in Classes 3, 4,
and 5 of “Classification of Etiologic
Agents on the Basis of Hazard” (5), or
oncogenic viruses classified by NCT as
moderate risk (6), or cells known to be
infected with such agents, regardless of
the host-vector system used. (ii) Delib~
erate formation of recombinant DNAs
containing genes for the biosynthesis of
potent toxins (e.g., botulinum or diph-
theria toxins; venoms from insects,
snakes, etc.). (iii) Deliberate creation
from plant pathogens of recombinant
DNAs that are likely to increase viru-
lence and host range. (iv) Deliberate re-
lease into the environment, of any orga-
nism containing a recombinant DNA
molecule. (v) Transfer of a drug resist-
ance trait to microorganisms that are not
known to acquire it naturally if such ac-
quisition could compromise the use of a
drug to control disease agents in human
or veterinary medicine or agriculture.

In addition, at this time large-scale
experiments (e.g., more than 10 liters of
culture) with recombinant DNAs known
to make harmful products are not to be
carried out. We differentiate between
small- and large-scale experiments with
such DNAs because the probability of es-
cape from containment barriers nor-
mally increases with increasing scale.
However, specific experiments in this cat-
egory that are of direct societal benefit
may be excepted from this rule if spe-
cial biological containment precautions
and equipment designed for large-scale
operations are used, and provided that
these experiments are expressly approved
by the Recombinant DNA Molecule Pro-
gram Advisory Committee of NTH,

B. Containment guidelines for permis-
sible experiments. It is anticipated that
most recombinant DNA experiments in-
itiated before these guidelines are next
reviewed (l.e., within the year) will em-
ploy E. coli K-12 host-vector systems.
These are also the systems for which we
have the most experience and knowledge
regarding the effectiveness of the con-
tainment provided by existing hosts and
vectors necessary for the construction of
more effective biological barriers.

For these reasons, E. Coli K-12 appears
to be the system of choice at this time,
although we have carefully considered
arguments that many of the potential
dangers are compounded by using an or-
ganism as intimately connected with a
man as is E. Coli. Thus, while proceeding
cautiously with E. Coli, serious efforts
should be made toward developing alter-
nate host-vector systems; this subject is
discussed in considerable detail in Appen-
dix A,

We therefore consider DNA recom-
binants in E. coli K~12 before proceeding
to other host-vector systems.

1. Biological containment criteriq us-
ing E. coli K-12 host-vectors—EK]1 host-
vectors. These are host-vector systems
that can be estimated to already provide
a moderate level of containment, and
include most of the presently available
systems. The host is always E. coli K-12,
and the vectors include nonconjugative
plasmids [e.g., pSC101, ColEl or deriva-
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tives thereof (19-26)1 and variants of
bacteriophage » (27-29),

The E. coli K-12 nonconjugative plas-
mid system is taken as an example to il-
Iustrate the approximate level of con-
tainment referred to here. The available
data from experiments involving the
feeding of bacteria to humans and calves
(30--32) indicate that E. coli K~12 did not
usually colonize the normal bowel, and
exhibited little, if any, multiplication
while passing through the alimentary
tract even after feeding high doses (i.e.,
10° to 10" bacteria per human or calf).
However, general extrapolation of these
results may not be warranted because
the implantation of bacteria into the in-
testinal tract depends on a number of
parameters, such as the nature of the in-
testinal flora present in a given individual
and the physiological state of the inoc-
ulum. Moreover, since viable E. coli K-12
can be found in the feces after humans
are fed 107 bacteria in broth (30) or
3 10* bacteria protected by suspension
in milk (31), transductional and conju-
gational transfer of the plasmid vectors
from E. coli K~12 to resident bacteria in
the fecal matter before and after excre-
tion must also be considered.

The nonconjugative plasmid vectors
cannot promote their own transfers, but
require the presence of a conjugative
plasmid for mobilization and transfer to
other bacteria. When present in the same
cell with derepressed conjugative plas-
mids such as F or Rldrdl9, the non-
conjugative ColE1, ColE1-trp and pSCl01
plasmids are transferred to suitable re-
ciplent strains under ideal laboratory
conditions at frequencies of about 0.5,
10* to 10-° and 10-* per donor cell, re-
spectively. These frequencies are reduced
by another factor of 10% to 10* if the con-
jugative plasmid employed is repressed
with respect to expression of donor fer-
tility.

The experimental transfer system
which most closely resembles noncon-
Jjugative plasmid transfer in nature is a
triparental mating. In such matings, the
bacterial cell possessing the nonconjuga-
tive plasmid must first acquire a con-
jugative plasmid from another cell be-
fore it can transfer the nonconjugative
plasmid to a secondary recipient. With
ColEl, the frequencies of transfer are
10 and 10 to 10~ when using conjuga-
tive plasmid donors possessing dere-
pressed and repressed plasmids, respec-
tively. Mobilization of ColE1l-trp and
DSC101 under similar laboratory condi-
tions is so low as to be usually undetect-
able (33). Since most conjugative plas-
mids in nature are repressed for expres-
sion of donor fertility, the frequency at
which nonconjugative plasmids are
mobilized and transferred by this se-
quence of events in vivo is difficult to
estimate. However, in calves fed on an
antibiotic-supplemented diet, it has been
estimated that such triparental noncon-
jugative R plasmid transfer occurs at
frequencies of no more than 10 to
107" per 24 hours per calf (32). In terms
of considering other means for plasmid
transmission in nature, it should be
noted that transduction does operate in
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vivo for Staphylococcus aureus (34) and
probably for E. coli as well. However, no
data are available to indicate the fre-
quencies of plasmid transfer in vivo by
either transduction or transformation.

These observations indicate the low
probabilities. for possible dissemination
of such plasmid vectors by accidental
ingestion, which would probably involve
only a few hundred or thousand bacteria
provided that at least the standard prac-
tices (Section II-A above) are followed,
particularly the avoidance of mouth
pipetting. The possibility of colonizati_on
and hence of ftransfer are increased,
however, if the normal flora in the bowel
is disrupted by, for example, antibiotic
therapy (35). For this reason, persons
receiving such therapy must not work
with DNA recombinants formed with
any E. coli K~12 host-vector system dur-
ing the therapy period and for seven
days thereafter; similarly, persons who
have achlorhydria or who have had sur-
gical removal of part of the stomach or
bowel should avoid such work, as should
those who require large doses of ant-
acids.

The observations on the fate of E. coli
K-12 in the human alimentary tract are
also relevant to the containment of re-
combinant DNA formed with bacterio-
phage A variants. Bacteriophage can es-
cape from the laboratory either as ma-
ture infectious phage particles or in bac-
terial host cells in which the phage
genome is carried as a plasmid or pro-
phage. The fate of E. coli K-12 host cells
carrying the phage genome as a plasmid
or prophage is similar to that for plas-
mid-containing host cells as discussed
above. The survival of the A phage
genome when released as infectious par-
ticles depends on their stability in na-
ture, their infectivity and on the prob-
ability of subsequent encounters with
naturally occurring -sensitive. E. coli
strains. Although the probability of sur-
vival of N and its infection of resident
intenstinal E. coli in animals and hu-
mans has not been measured, it is esti-
mated to be small given the high sensi-
tivity of A to the low pH of the stomach,
the insusceptibility to A Infection of
smooth E. coli cells (the type that nor-
mally resides in the gut), the infre-
quency of naturally occurring A-sensitive
E. coli (38) and the failure to detect in-
fective X particles in human feces after
ingestion of up to 10 A particles (37).
Moreover, A particles are very sensitive
to desiccation.

Establishment of A as a stable lysogen
Is a frequent event (10° to 10-*) for the
att* int* cI* phage so that this mode of
escape would be the preponderant lab-
oratory hazard; however, most EK1 A
vectors currently in use lack the att and
int functions (27-29) thus reducing the
probability of lysogenization to about 10-
to 10~ (38—40). The frequency for the
conversion of A to a plasmid state for
persistence and replication is also only
about 10* (41). Moreover, the routine
treatment of phage lysates with chloro-
form (42) should eliminate all surviving
bacteria including lysogens and \ plasmid
carriers. Lysogenization could also occur
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when an infectious ) containing cloned
DNA infects a A-sensitive cell in nature,
and recombines with a resident lambdoid
prophage. Although A-sensitive E. coli
strains seem to be rare, a significant frac-
tion do carry lambdoid prophages (43—
44) and thus this route of escape shouid
be considered.

While not exact, the estimates for
containment afforded by using these
host-vectors are at least as accurate as
those for physical containment, and are
sufficient to indicate that currently
employed plasmid and A vector systems
provide a moderate level of biological
containment. Other nonconjugative plas-
mids and bacteriophages that, in asso-
ciation with E. coli K-12 can be estimated
to provide the same approximate level of
moderate containment are included in
the EK1 class.

EK2 host-vectors. These are host-vec-
tor systems that have been genetically
constructed and shown to provide a high
level of biological containment as demon-
strated by data from suitable tests per-
formed in the laboratory. The genetic
modifications of the E. coli K-12 host
and/or the plasmid or phage vector
should not permit survival of a genetic
marker carried on the vector, preferably
a marker within an inserted DNA frag-
ment, in other than specially designed
and carefully regulated laboratory en-
vironments at a frequency greater than
10~*. This measure of biological contain-
ment has been selected because it is a
measurable entity. Indeed, by testing the
contributions of preexisting and newly
introduced genetic properties of vectors
and hosts, individually or in various com-
binations, it should be possible to esti-
mate with considerable precision, that
the specially designed host-vector system
can provide a margin of biological con-
tainment in excess of that required. For
the time being, no host-vector system will
be considered to be a bona fide EK2 host-—
vector system until it is so certified by the
NIH Recombinant DNA Molecule Pro-
gram Advisory Committee.

For EK2 host-vector systems in which
the vector is a plasmid, no more than one
in 10* host cells should be able to per-
petuate the vector and/or a cloned DNA
fragment under non-permissive condi-
tions designed to represent the natural
environment either by survival of the
original host or as a consequence of

‘transmission of the vector and/or a

cloned DNA fragment by transformation,
transduction or conjugation to a host
with properties common to those in the
natural environment.

In terms of potential EK2 plasmid-host
systems, the following types of genetic
modifications should reduce survival of
cloned DNA. The examples given are for
illustrative purposes and should not be
construed to encompass all possibilities.
The presence of the non-conjugative
plasmids ColEl-{rp and pS101 in an
E. coli K-12 strain possessing a mutation
eliminating host-controlled restriction
and modification (sdS) results in about
10°-fold reduction in mobilization to re-
striction-proficient recipients. The com-
bination of the dapD8, AbioH-asd, Agal-
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chir and rfb mutations in E. coli K-12
results in no detectable survivors in feces
of rats following feeding by stomach tube
of 10*° cells in milk and similarly leads to
complete lysis of cells suspended in broth
medium lacking diaminopimelic acid.
E. coli K-12 strains with Athy4 and deoC
(dra) mutations undergo thymineless
death in growth medium lacking thymine
and give a 10°-fold reduced survival dur-
ing passage through the rat intestine
compared to wild-type thy* E. coli K-12.
(However, the AthyA mutation alone or
in combination with a deoB(drm) muta-
tion only reduces in vivo survival by a
factor of 10°) Other host mutations, as
yet untested, that might further reduce
survival of the plasmid-host system or
reduce plasmid transmission are: the
combination pold (TS) recA(TS) aAthyA
which might interfere with ColE1 repli-
cation and lead to DNA degradation at
body temperatures; Con- mutations that
reduce the ability of conjugative plasmids
to enter the plasmid-host complex and
thus should reduce mobilization of the
cloned DNA to other strains; and muta-
tions that confer resistance to known
transducing phages. Mutations can also
be introduced into the plasmid to cause
it to be dependent on a specific host, to
make its replication thermosensitive
and/or to endow it with a killer capa-
bility such that all cells (other than its
host) into which it might be transferred
will not survive.

In the construction of EK2 plasmid-
host systems it is important to use the
most stable mutations available, prefer-
ably deletions. Obviously, the presence of
all mutations contributing to higher de-
grees of biological containment must be
verified periodically by appropriate tests.
In testing the level of biological contain-
ment afforded by a proposed EK2 plas-
mid-host system, it is important to de-
sign relevant tests to evaluate the sur-
vival of the vector and/or a cloned DNA
fragment under conditions that are pos-
sible in nature and that are also most
advantageous for its perpetuation. For
example, one might conduct a triparental
mating with a primary donor possessing
a derepressed F-type or I-type conjuga-
tive plasmid, the safer host with AbioH-
asd, dapD8, Agal-chlr, rfb, Athyd4, deoC,
trp and hsdS mutations and a plasmid
vector carrying an easily detectable
marker such as for ampicillin resistance
or an inserted gene such as irp*, and a
secondary recipient that is Su* hsdS trp
(l.e., permissive for the recombinant
plasmid). Such matings would be con-
ducted in a’medium lacking diaminopi-
melic acid and thymine and survival
of the Ap* or irp* marker in any of the
three strains followed as a function of
time. Survival of the vector and/or a
cloned marker by transduction could also
be evaluated by introducing a known
generalized transducing phage into the
system. Similar experiments should also
be done using a secondary recipient that
is restrictive for the plasmid vector as
well as with primary donors possessing
repressed conjugative plasmids with in-
compatibility group properties like those
commonly found in enteric microorgan-
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isms. Since a common route of escape
of plasmid-host systems in the labora-
tory might be by accidental ingestion, it
is suggested that the same types of ex-
periments be conducted in suitable ani-
mal-model systems. In addition to these
tests on survival of the vector and/or a
cloned DNA fragment, it would be useful
to determine the survival of the host
strain under nongrowth conditions such
as in water and as a function of drying
time after a culture has been spilled on
a lab bench.

For EK2 host-vector systems in which
the vector is a phage, no more than one
in 10°® phage particles should be able to
perpetuate itself and/or a cloned DNA
fragment under non-permissive condi-
tions designed to represent the natural
environment either (a) as a prophage
or plasmid in the laboratory host used for
phage propagation or (b) by surviving
in natural environments and transfer-
ring itself and/or a cloned DNA frag-
ment to a host (or its resident lamboid
prophage) with properties common to
those in the natural environment.

In terms of potential EK2 \-host sys-
tems, the following types of genetic modi-
fication should reduce survival of cloned
DNA. The examples given are for illus-
trative purposes and should not be con-
strued to encompass all possibilities. The
probability of establishing A lysogeny in
the normal laboratory host should be re-
duced by removal of the phage ait site,
the Int function, the repressor gene(s)
and adding virulence-enhancing muta-
tions. The frequency of plasmid forma-
tion, although normally already less than
107, could be further reduced by. defects
in the px-Q region, including mutations
such as vir-s, cro(TS), c17, ri°, O(TS),
P(TS), and nin. Moreover, chloroform
treatment used routinely following cell
lysis would reduce the number of surviv-
ing cells, including possible lysogens or
plasmid carriers, by more than 10°. The
host may also be modified by deletion
of the host Aatt site and inclusion of one
or more of the mutations described above
for plasmid-host systems to further re-
duce the chance of formation and sur-
vival of any lysogen or plasmid carrier
cell.

The survival of escaping phage and the
chance of encountering a sensitive host
in nature are very low, as discussed for
EK1 systems. The infectivity of the phage
particles could be further reduced by in-
troducing mutations (e.g., suppressed
ambers) which would make the phage
particles extremely unstable except un-
der special laboratory conditions (e.g.,
high concentrations of salts or putres-
cine). Another means would be to make
the phage itself a two-component system,
by eliminating the tail genes and re-
producing the phage as heads packed
with DNA; when necessary and. under
specially controlled conditions, these
heads could be made infective by adding
tail preparations. An additional safety
factor in this regimen is the extreme
instability of the heads, unless they are
stored in 10mM putrescine, a condition
easy to obtain in the laboratory but not
in nature. The propagation of the es-
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caping phage in nature could further be
"blocked by adding various conditional
mutations which would permit growth
only under special laboratory conditions
or in a special permissive laboratory host
with suppressor or gro-type (mop, dnaB,
rpoB) mutations. An additional safety
feature would be the use of an rm-
(hsdS) laboratory host, which produces
phage with unmodified DNA which
should be restricted in r'm* bacteria that
are probably prevalent in nature. The
likelihood of recombination between the
A vector and lambdoid prophages which
are present in some E. coli strains might
be reduced by elimination of the Red
function and the presence of the recom-
bination-reducing Gam function to-
gether with mutations contributing to
the high lethality of the \ phage. How-
ever, these second-order precautions
might not be relevant if the stability and
infectivity of the escaping \ particles are
reduced by special mutations or by pro-
pagating the highly unstable heads.

Despite multiple mutations in the
phage vectors and laboratory hosts, the
yield of phage particles under suitable
laboratory conditions should be high
(10*-10" particles/ml). This permits
phage propagation in relatively small
volumes . and constitutes an additional
safety feature.

The phenotypes and genetic stabilities
of the mutations and chromosome alter-
ations -included in these A-host systems
indicate that containment well in excess
of the required 10°° or lower survival fre-
quency for the A vector with or without a
cloned DNA fragment should be attained.
Obviously the presence of all mutations
contributing to this high degree of bi-
ological containment must be verified
periodically by appropriate tests. Labora-
tory tests should be performed with the
bacterial host to measure all possible
routes of escape such as the frequency of
lysogen formation, the frequency of
plasmid formation and the survival of
the lysogen or carrier bacterium. Sim-
ilarly, the potential for perpetuation of
a cloned DNA fragment carried by in-
fectious phage particles can be tested by
challenging typical wild-type E. coli
strains or a \-sensitive nonpermissive
laboratory K-12 strain, especially one
lysogenic for a lambdoid phage.

In view of the fact that accurate as-
sessment of the probabilities for escape
of infections x-grown on r- m- Su+ hosts
is dependent upon the frequencies of r-,
Su*, and X-sensitive strains in nature,
Investigators need to screen E. coli
strains for these properties. These data
will also be useful in predicting fre-
quencies of successful escape of plasmid
cloning vectors harbored in r m- Su*
strains.

When any investigator has obtained
data on the level of containment pro-
vided by a proposed EK2 system, these
should be reported as rapidly as possible
to permit general awareness and evalua-
tion of the safety features of the new
system. Investigators are also encouraged
to make such new safer cloning systems
generally available to other scientists.

NIH will take appropriate steps to aid
See footnotes at end of article.
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in the distribution of these safer vectors
and hosts.

EK3 host-vectors. These are EK2 sys-
tems for which the specified containment
shown by laboratory tests has been inde-
pendently confirmed by appropriate tests
in animals, including humans or pri-
mates, and in other relevant environ-
ments in order to provide additional
data to validate the levels of contain-
ment afforded by the EK2 host-vector
systems. Evaluation of the effects of in-
dividual or combinations of mutations
contributing to the biological contain-
ment should be performed as a means to
confirm the degree of safety provided
and to further advance the technology
of developing even safer vectors and
hosts. For the time being, no host-vector
system will be considered to be a bona
fide EK3 host-vector system, until it is
so certified by the NIH Recombinant
DNA Molecule Program Advisory Com-
mittee.

2. Classification of experiments using
the E. coli K-12 containment systems. In
the following classification of contain-
ment criteria for different kinds of re-

physical and biological containment are
minimums. Higher levels of biological
containment (EK3 > EK2 > EK1) are
to be used if they are available and are
equally appropriate for the purposes of
the experiment.

(a) Shotgun Experiments. These ex-
periments involve the production of re-
combinant DNAs between the vector and
the total DNA or (preferably) any par-
tially purified fraction thereof from the
specified cellular source. )

{) Eukaryotic DNA recombinants—
Primates. P3 physical containment + an
EKS3 host-vector, or P4 physical contain-~
ment + an EK2 host-vector, except for
DNA from uncontaminated embryonic
tissue or primary tissue cultures there-
from, and germ-line cells for which P3
physical containment - an EK2 host-
vector can be used. The basis for the
lower estimated hazard in the case of
DNA from the latter tissues (if freed of
adult tissuie) is their relative freedom
from horizontally acquired adventitious
viruses.

Other mammals. P3 physical contain-
ment 4+ an EK2 host-vector. .

Birds. P3 physical containment + an
EK2 host-vector.

Cold-blooded vertebrates. P2 physical
containment + an EK2 host-vector ex-
cept for embryonic or germ-line DNA
which require P2 physical containment
+ an EK1 host-vector. If the eukaryote
is known to produce a potent toxin, the
containment shall be increased to P3 +
EEK2:

Other cold-blooded animals and lower
eukaryotes. This large class of eukaryotes
is divided into the following two groups:

(1) Species that are known to produce
2 potent toxin or are known pathogens
(i.e., an agent listed in Class 2 of ref. 5 or
a plant pathogen) or are known to carry
such pathogenic agents must use P3
physical containment 4+ an EK2 host-
vector. Any specles that has a demon-
strated capacity for carrying particular
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pathogenic agents is included in this
group unless it has been shown that
those organisms used as the.source of
DNA do not contain these agents; in this
case they may be placed in the second
group.

(2) The remainder of the specigs in
this class can use P2 4 EKI1. However,
any insect in this group should have been
grown under laboratory conditions for at
least 10 generations prior to its use as a
source of DNA.

Plants. P2 physical containmen{ -+ an
EK1 host-vector. If the plant carries a
known pathogenic agent or makes a
product known to be dangerous to any
species, the containment must be raised
to P3 physical containment -+ an EKZ
host-vector.

(ii) Prokaryotic DNA recombinants—
Prokaryotes that exchange genetic in-
formation with E. coli* The level of
physical containment is directly deter-
mined by the rule of the most dangerous
component (see introduction to Section
IID) . Thus P1 conditions can be used for
DNAs from those bacteria in Class 1 of
ref. 5 (“Agents of no or minimal hazard
*** 7y which naturally exchange genes
with E. coli; and P2 conditions should
be used for such bacteria if they fall in
Class 2 of ref. 5 (“Agents of ordinary po-
tential hazard * * *.”), or are plant
pathogens or symbionts. EK1 host-vec-
tors can be used for all experiments re-
quiring only Pl physical containment;
in fact, experiments in this category can
be performed with E. coli K-12 vectors
exhibiting a lesser containment (e.g.,
conjugative plasmids) than EK1 vectors.
Experiments with DNA from species re-
quiring P2 physical containment which
are of low pathogenicity (for example,
enteropathogenic Escherichia coli, Sal-
monella typhimurium, and Klebsiella
pneumoniae) can use EK1 host-vectors,
but those of moderate pathogenicity (for
example, Salmonella typhi, Shigella dys-
enteriae type I, and Vibrio cholerae)
must use EK2 host-vectors.® A specific
example of an experiment with a plant
pathogen requiring P2 physical contain-
ment 4 an EK2 host-vector would be
cloning the tumor gene of Agrobacterium
tumefaciens.

Prokaryotes that do not exchange ge-
netic information with E. coli. The mini-
mum containment conditions for this
class consist of P2 physical containment
4 an EK2 host-vector or P3 physical
containment 4 an EK1 host-vector, and
apply when the risk that the recombi-
nant DNAs will increase the pathogenic-
ity or ecological potential of the host is
judged to be minimal. Experiments with
DNAs from pathogenic species. (Class 2
ref. 5 plus plant pathogens) must use
P3 - EK2.

(iiiy Characterized clones of DNA
recombinants derived from shotgun ex-
periments. When a cloned DNA recom-
binant has been rigorously character-
ized * and there is sufficient evidence that
it is free of harmful genes,* then experi-
ments involving this recombinant DNA
can be carried out under P1 + EK1 con-
ditions if the inserted DNA is from a
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species that exchanges genes with E. coli,
and under P2 4- EK1 conditions if not.

(b) Purified cellular DNA4s other than
plasmids, bacteriophages, and other
viruses. The formation of DNA recom-
binants from cellular DNAs that have
been enriched ° by physical and chemical
techniques (.e., not by cloning) and
which are free of harmiful genes can be
carried out under lower containment
conditions than used for the correspond-
ing shotgun experiment. In general, the
containment can be decreased one step
in physical.containment (P4—P3-P2->
P1) while maintaining the biological con-
tainment specified for the shotgun ex-
periment, or one step in biological con-
tainment (EK3—-EK2->EK1) while main-
taining the specified physical contain-
ment—oprovided that the new condition
is not less than that specified above for
characterized clones from shotgun ex-
periments (Section (a@)—iii).

(¢) Plasmids, basteriophages, and
other viruses. Recombinants formed be-
tween EK-type vectors and other plasmid
or virus DNAs have in common the
potential for acting as double vectors
because of the replication functions in
these DNAs. The containment conditions
given below apply only to propagation
of the DNA recombinants in E. coli K-12
hosts. They do not apply to other hosts
where they may be able to replicate as
a result of functions provided by the
DNA inserted into the EX vectors. These
are considered under other host-vector
systems.

1) Animal viruses. P44-EK2 or P3EK3
-shall be used to isolate DNA recombin-
ants that include all or part of the
genome of an animal virus. This recom-
mendation applies not only to experi-
ments of the “shotgun” type but also
to those involving partially character-
ized subgenomic segments of viral DNAs
(for example, the genome of defective
viruses, DNA fragments isolated after
treatment of viral genomes with restric-
tion enzymes, etc). When cloned recom-
binants have been shown by suitable bio-
chemical and biological tests to be free of
harmful regions, they can he handled in
P3-+EK2 conditions. In the case of DNA
viruses, harmless regions include the late
region of the genome; in the case of DNA
copies of RNA viruses, they might in-
clude the genes coding for capsid pro-
teins or envelope proteins.

(ii) Plant viruses. P34+-EK1 or P2+ EK2
conditions shall be used to form DNA re-
combinants that include all or part of
the genome of a plant virus.

(iii) Eukaryotic organelle DNAs. The
containment conditions given below ap-
ply only when the organelle DNA has
been purified ® from isolated organelles.
Mitochondrial DNA from primates:
P3+4-EK1 or P24+EK2. Mitochondrial or
chloroplast DNA from other eukaryotes:
P2+ EK1. Otherwise, the conditions
given under shotgun experiments apply.

(iv) Prokaryotic plasmid and phage
DNAs—Plasmids and phage from hosts
that exchange genetic information with
E. coli. Experiments with DNA recom-
binants formed from plasmids or phage
genomes that have not been character-

See footnotes at end of article.
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ized with regard to presence of harm-

-ful genes or are known to contribute

significantly to the pathogenicity of their
normal hosts must use the containment
conditions specified for shotgun experi-
ments with DNAs from the respective
host. If the DNA' recombinants are
formed from plasmids or phage that are
known not. to contain harmful genes, or
from purified ® and characterized plasmid
or phage DNA segments known not to
contain harmful genes, the experiments
can be performed with P1 physical con-
tainment -~ an EK1 host-vector.

Plasmids and phage from hosts that
do not exchange genetic information with
E. coli. The rules for shotgun experi-
ments with DNA from the host apply to
their plasmids or phages. The minimum
containment conditions for this category
(P2-+EK2, or P3+EK1) can be used for
plasmid and phage, or for purified * and
characterized segments of plasmid and
phage DNAs, when the risk that the re-
combinant DNAs will increase the patho-
genicity or ecological potential of the
host is judged to be minimal.

Nore.—Where applicable, cDNAs( i.e.,
complementary DNAs) synthesized in
vitro from cellular or viral RNAs are in-
cluded within each of the above classi-
fications. For example, ¢cDNAs formed
from cellular RNAs that are not purified
and characterized are included under (a),
shotgun experiments; ¢DNAs formed
from purified and characterized RNAs
are included under (b); ¢cDNAs formed
from viral RNAs are included under (¢) ;
etc.

3. Experiments with other prokaryotic
host-vectors. Other prokaryotic host-
vector systems are at the speculative,
planning, or developmental stage, and
consequently do not warrant detailed
treatment here at this time. However, the
containment criteria for different types
of DNA recombinants formed with E. coli
K-12 host-vectors can, with the aid of
some general principles given here, serve
as a guide for containment conditions
with other host-vectors when appropriate
adjustment is made for their different
habitats and characteristics. The newly
developed host-vector systems should of-
fer some distinct advantage over the
E. coil K-12 host-vectors—for instance,
thermophilic organisms or other host-
vectors whose major habitats do not in-
clude humans and/or economically im-
portant animals and plants. In general,
the strain of any prokaryotic species used
as the host is to conform to the definition
of Class 1 etiologic agents stven in ref. 5
(ie., “Agents of no or minimal hazard.
* * *7) and the plasmid or phage vec-
tor should not make the host more haz-
ardous. Appendix A gives a detailed dis-
cussion of the B. subtilis system, the most
promising alternative to date.

At the initial stage, the host-vector
must exhibit at least a moderate level of
biological containment comparable to
EK1 systems, and should be capable of
modification to obtain high levels of con-
tainment comparable to EK2 and EK3.
The type of confirmation test(s) required
to move a host-vector from an EK2-type
classification to an EK3-type will clearly

depend upon the preponderant habitat of
the host-vector. For example, if the un-
modified host-vector propagates mostly
in, on, or around higher plants, but not
appreciably in warm-blooded animals,
modification should be designed to reduce
the probability that the host-vector can
escape to and propagate in, on, or around
such plants, or transmit recombinant
DNA to other bacterial hosts that are
able to occupy these ecological niches,
and it is these lower probabilities which
must be confirmed. The following prin-
ciples are to be followed in using the con-
tainment criteria given for experiments
with E. coli K~12 host-vectors as a guide
for other prokaryotic systems. Experi-
ments with DNA from prokaryotes (and
their plasmids or viruses) are classified
according to whether the prokaryote in
question exchanges genetic information
witht the host-vector or not, and the con-
tainment conditions given for these two
classes with E. coli K-12 host-vectors ap-
plied. Experiments with recombinants be-
tween plasmid or phage vectors and DNA
that extends the range of resistance of
the recipient. species to therapeutically
useful drugs must use P3 physical con-
tainment + a host-vector comparable to
EK1 or P2 physical containment + a
host-vector comparable to EK2. Transfer
of recombinant DNA to plant pathogens
can be made safer by using nonreverting,
doubly auxothrophic, non-pathogenic
variants. Experiments using a plant
pathogen that affects an element of the
local flora will require more stringent
containment than if carried out in areas
where the host plant is not common.

Experiments with DNAs from eukar-
yotes (and their plasmids or viruses) can
also follow the criteria for the corre-
sponding experiments with E. coli K-12
vectors if the major habitats of the given
host-vector overlap those of E. coli. If
the host-vector has a major habitat that
does not overlap those of E. coli’ (e.g.,
root nodules in plants), then the contain-
ment conditions for some eukaryotic re-
combinant DNAs need to be increased
(for instance, higher plants and their vir-
uses in the preceding example), while
others can be reduced.

4. Experiments with eukaryotic host-
vectors—(a) Animal host-vector sys-
tems. Because host cell lines generally
have little if any capacity for propaga-
tion outside the laboratory, the primary
focus for containment is the vector, al-
though cells should also be derived from
cultures expected to be of minimal haz-
ard. Given good microbiological prac-
tices, the most likely mode escape of
recombinant DNAs from a physically
contained laboratory is carriage by hu-
mans; thus vectors should be chosen that
have little or no ability to replicate in
human cells. To be used as a vector in a
eukaryotic host, a DNA molecule needs
to display all of the following proper-
ties:

(1) It shall not consist of the whole
genome of any agent that is infectious
for humans or that replicates to a signif-
icant extent in human cells in tissue
culture.

(2) Its functional anatomy should be

known—that is, there should be a clear
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idea of the location within the moiecule
of:

(a) The sites at which DNA synthesis
. originates and terminates,

(b) The sites that are cleaved by re-
striction endonucleases,

(c) The template regions for the
major gene products.

(3) It should be well studied genet-
ically. It is desirable that mutants be
available in adequate number and vari-
ety, and that quantitative studies of re-
combination have been performed.

(4) The recombinant must be defec-
tive, that is, its propagation as a virus
is dependent upon the presence of a com-
plementing helper genome. This helper
should either (a) be integrated into the
genome of a stable line of host cells (a
situation that would effectively limit the
growth of the vector to that particular
cell line) or (b) consist of a defective
genome or an appropriate conditional
lethal mutant virus (in which case the
experiments would be done under non-
permissive conditions), making vector
and helper dependent upon each other
for propagation. However, if none of
these is available, the use of a non-de-
fective genome as helper would be ac-
ceptable.

Currently only two viral DNAs can be
considered as meeting these require-
ments: these are the genomes of polyoma
virus and SV40.

Of these, polyoma virus is highly to be
preferred. SV40 is known to propagate
in human cells, both in vivo and in vitro,
and to infect laboratory personnel, as
evidenced by the frequency of their con-
version to producing SV40 antibodles.
Also, SV40 and related viruses have been
found in association with certain human
neurological and malignant diseases.
SV40 shares many properties, and gives
complementation, with the common hu-
man papova viruses. By contrast, there
is no evidence that polyoma infects hu-
mans, nor does it replicate to any signif-
icant extent in human cells in vitfro.
However, this system still needs to be
studied more extensively. Appendix B
gives further details and documentation.

Taking account of all these factors:

(1) Polyoma Virus. (a) Recombinant

. DNA molecules consisting of defective
polyoma virus genomes plus DNA se-
quences of any nonpathogenic organism,
including Class 1 viruses (5), can be
propagated in or used to transform cul-
tured cells. P3 conditions are required.
Appropriate helper virus can be used if
needed. Whenever there is a choice, it
ig urged that mouse cells, derived pref-
erably from embryos, be used as the
source of eukaryotic DNA. Polyoma virus
is a mouse virus and recombinant DNA
molecues containing both viral and
cellular sequences are already known
to be present in virus stocks grown at a
high multiplicity. Thus, recombinants
formed in vitro between polyoma virus
DNA and mouse DNA are presumably not
novel from an evolutionary point of view.

(b) Such experiments are to be done
under P4 conditions if the recombinant
DNA contains segments of the genomes
of Class 2 animal viruses (5). Once it

See footnotes at end of article.
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has been shown by suitable biochemical
and biological tests that the cloned re-
combinant contains only harmless re-
gions of the viral genome (see Section
IIIB-2-c~i) and that the host range of
the polyoma virus vector has not been
altered, experiments can be continued
under P3 conditions.

(2) SV40 Virus.

(a) Defective SV40 genomes, with ap-
propriate helper, can be used as a vec-
tor for recombinant DNA molecules con-
taining sequences of any non-pathogenic
organism or Class I virus (5), (i.e., a
shotgun type experiment). P4 conditions
are required. Established lines of cul-
tured cells should be used.

(b) Such experiments are to be car-
ried out in P3 (or P4) conditions if the
non-SvV40 DNA segment is (a) a puri-
fled ¥ segment of prokaryotic DNA lack-
ing toxigenic genes, or (b) a segment of
eukaryotic DNA whose function has been
established, which does not code for a
toxic product, and which has been pre-
viously cloned in a prokaryotic host-
vector system. It shall be confirmed that
the defective virus-helper virus system
does not replicate significantly more effi-
ciently in human cells in tissue culture
than does SV40, following infection at a
multiplicity of infection of one or mere
helper SV40 viruses per cell.

(¢) Arecombinant DNA molecule con-
sisting of defective SV40 DNA lacking
substantial segments of the late region,
plus DNA from non-pathogenic orga-
nisms or Class I viruses (5), ¢can be prop-
agated as an autonomous cellular ele-
ment in established lines of cells under
P3 conditions provided that there is no
exogenous or endogenous helper, and
that it is demonstrated that no infectious
virus particles are being produced. Until
this has been demonstrated, the appro-
priate containment conditions specified
in 2. a. and 2. b. shall be used.

(d) Recombinant DNA molecules con-
sisting of defective SV40 DNA and se-
quences from non-pathogenic prokary-
otic or eukaryotic organisms or Class I
viruses (5) can be used to transform es-
tablished lines of non-permissive cells
under P3 conditions. It must be demon-
strated that no infectious virus particles
are being produced; rescue of SV40 from
such transformed cells by co-cultivation
or transfection techniques must be car-
ried out in P4 conditions.

(3) Efforts are to be made to ensure
that all cell lines are free of virus par-
ticles and mycoplasma.

Since SV40 and polyoma are limited in
their scope to act as vectors, chiefly be-
cause the amount of foreign DNA that
the normal virions can carry probably
cannot exceed 2 10° daltons, the devel-
opment of systems in which recom-
binants can be cloned and propagated
purely in the form of DNA, rather than
in the coats of infectious agents is neces-
sary. Plasmid forms of viral genomes or
organelle DNA need to be explored as
possible cloning vehicles in eukaryotic

cells.

(b) Plant host-vector systems. For
cells in tissue cultures, seedlings, or plant
parts (e.g. tubers, stems, fruits, and de-
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tached leaves) or whole mature plants of
small species (e.g., Arabidopsis) the P1-
P4 containment conditions that we have
specified previously are relevant con-
cepts. However, work with most plants
poses additional problems. The green-
house facilities accompanying P2 labora-
tory physical containment conditions
can be provided by: (i) Insect-proof
greenhouses, (iil) appropriate steriliza-
tion of contaminated plants, pots, soil,
and runoff water, and (iii) adoption of
the other standard practices for micro-
biological work. P3 physical containment
can be sufficiently approximated by con-
fining the operations with whole plants
to growth chambers like those used for
work with radioactive isotopes, provided
that (i) such chambers are modified to
produce a negative pressure environment
with the exhaust air appropriately
filtered, (ii) that other operations with .
infectious materials are carried out under
the specified P3 conditions, and (iii) to
guard against inadvertent insect trans-
mission of recombinant DNA, growth
chambers are to be routinely fumigated
and only used in insect proof rooms. The
P2 and P3 conditions specified earlier are
therefore extended to include these cases .
for work on higher plants.

The host cells for experiments on re-
combinants DNAs may be cells in cul-
ture, in seedling or plant parts. Whole
plants or plant parts that cannot be ade-
quately contained shall not be used as
hosts for shotgun experiments at this
time, and attempts to infect whole plants
with recombinant DNA shall not be ini-
tiated until the effects on host cells in
culture, seedlings or plant parts have

‘been thoroughly studied.

Organelle or plasmid DNAs or DNAs of
viruses of restricted host range may be
used as vectors. In general, similar cri-
teria for selecting host-vectors to those
given in the preceding section on animal
systems are to apply to plant systems.

DNA recombinants formed between the
initial moderately contained vectors and
DNA form cells of species in which the
vector DNA can replicate, require P2
physical containment. However, if the
source of the DNA is itself pathogenic
or known to carry pathogenic agents, or
to produce products dangerous to plants,
or if the vector is an unmodified virus
of unrestricted host range, the experi-
ments shall be carried out under P3
conditions. ’

Experiments on recombinant DNAs
formed between the above vectors and
DNAs from other species can also be car-
ried out under P2 if that DNA has been
purified * and determined not to contain
harmful genes. Otherwise, the experi-
ments shall be carried out under P3 con-~
ditions if the source of the inserted DNA
is not itself a pathogen, or known to
carry such pathogenic agents, or to pro-
duce harmful products—and under P4
conditions if these conditions are not
met.

The development and use of host-
vector systems that exhibit a high level
of biological containment permit a de- |
crease or one step in the physical con- )
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tainment specified above (P4->P3—>P2-
P1). .

(¢} Fungal or similar lower eukaryotic
host-vector systems. The containment
criteria for experiments on recombinant
DNAs using ese host-vectors most
closely resemble those for prokaryotes,
rather than those for the preceding
eukaryotes, in that the host cells usually
exhibit a capacity for dissemination out-
side the laboratory that is similar to that
for bacteria. We therefore consider that
the containment guidelines given for ex-
periments with E. coli K-12 and other
prokaryotic host-vectors (Sections IITB-1
and -2, respectively) provide adequate
direction for experiments with these
lower eukaryotic host-vectors. This is
particularly true at this time since. the
devélopment of these host-vectors is
presently in the speculative stage.

IV. ROLES AND RESPONSIBILITIES

Safety in research involving recombi-
nant DNA molecules depends upon how
the research team applies these guide-
lines. Motivation and critical judement
are necessary, in addition to specific
safety knowledge, to ensure protection
of personnel, the public, and the envi-
ronment.

The guidelines given here are to help
the principal investigator determine the
nature of the safeguards that should be
implemented. These guidelines will be
incomplete in some respects because all
conceivable experiments with recombi-
nant DNAs cannot now be anticipated.
Therefore, they cannot substitute for the
investigator's own knowledgeable and
discriminating evaluation. Whenever this
evaluation calls for an increase in con-
tainment over that indicated in the
guidelines, the investigator has a respon-
sibility to institute such an increase. In
contrast, the containment conditions
called for in the guidelines should not
be decreased without review and approval
at the institutional and NIH levels.

The following roles and responsibilities
define an administrative framework in
which safety is an essential and inte-
grated function of research involving
recombinant DNA molecules.

A. Principal Investigator. The princi-
pal investigator has the primary respon-
sibility for: (1) Determining the real and
potential biohazards of the proposed re-
search, (i) determining the appropriate
level of biological and physical contain-
ment, (iii) selecting the microbiological
practices and laboratory techniques for
handling recombinant DNA materials,
(iv) preparing procedures for dealing
with accidental spills and overt person-
nel contamination, (v) determining the
applicability of various precautionary
medical practices, serological monitor-
ing,/and immunization, when available,
(viy securing approval of the proposed
research prior to initiation of work, (vii)
submitting information on purported
EK2 and EK3 systems to the NIH Re-
combinant DNA Molecule Program Ad-
visory Committee and making the strains
available to others, (viil) reporting to
the institutional biohazards committee
and the NTH Office of Recombinant DNA

See footnotes at end of article.

NOTICES

Activities new information bearing on
the guidelines, such as technical infor-
mation relating to hazards and new
safety procedures or innovations, (ix)
applying for approval from the NIH Re-
combinant DNA Molecule Program Ad-
visory Committee for large scale experi-
ments with recombinant DNAs known
to make harmful products (i.e., more
than 10 liters of culture), and (x) apply-
ing to NIH for approval to lower con-
tainment levels when a cloned DNA re-
combinant derived from a shotgun ex-
periment has been rigorously character-
ized and there is sufficient evidence that
it is free of harmful genes.

Before work is begun, the principal in~
vestigator is respounsible for: (1) Making
available to program and support staff
copies of those portions of the approved
grant application that describe the bio-
hazards and the precautions to be taken,
(i) advising the program and support
staff of the nature and assessment of the
real and potential biohazards, (iii) in-
structing and training this staff in the
practices and techniques required to en-
sure safety, and in the procedures for
dealing with accidentally created bio-
hazards, and (iv) informing the staff of
the reasons and provisions for any ad-
vised or requested precautionary medical
practices, vaccinations, or serum collec-
tion.

During the conduct of the research, the
principal investigator is responsible for:
(i) Supervising the safety performance
of the staffi to ensure that the required
safety practices and techniques are em-
ployed, (ii) investigating and reporting
in writing to the NIH Office of Recom-
binant DNA Activities and the institu-
tional biohazards committee any serious
or extended illness of a worker or any
accident that results in (a) inoculation
of recombinant DNA materials through
cutaneous penetration, (b) ingestion of
recombinant DNA materials, (¢) proba-
ble inhalation of recombinant DNA mate-
rials following gross aerosolization, or (d)
any incident causing serious exposure to
personnel or danger of environmental
contamination, (i) investigating and
reporting in writing to the NIH Office of
Recombinant DNA Activities and the in-
stitutional bichazards committee any
problems pertaining to operation and im-~
plementation of biological and physical
containment safety practices and pro-
cedures, or equipment or facility failure,
(iv) correcting work errors and condi-
tions that may result in the release of
recombinant DNA materials, and (v)
ensuring the integrity of the physical
containment (e.g., biological safety cab-
inets) and the biological containment
(e.g., genotypic and phenotypic charac-
teristics, purity, ete.). -

B. Institution. Since in almost all cases,
NIH grants are made to institutions
rather than to individuals, all the respon-
sibilities of the principal investigator
listed above are the responsibilities of the
institution under the grant, fulfilled on
its behalf by the principal investigator.
In addition, the institution is responsi-
ble for establishing an institutional bio-
hazards committee” to: (1) Advise the

institution on policies, (ii) create and
maintain a central reference file and li-
brary of catalogs, books, articles, news-
letters, and other communications as a
source of advice and reference regarding,
for example, the availability and -quality
of the safety equipment, the availability
and level of biological containment for
various host-vector systems, suitable
training of personnel and data on the
potential biohazards associated with cer-
tain recombinant DNAs, (iii) develop a
safety and operations manual for any
P4 facility maintained by the institu-
tion and used in support of recombinant
DNA. research, (iv) certify to the NIH on
applications for research support and
annually thereafter, that facilities, pro-
cedures, and practices and the training
and expertise of the personnel involved
have been reviewed and approved by the
institutional biohazards committee.

The biohazards committee must be suf-
ficiently qualified through the experience
and expertise of its membership and the
diversity of its membership to ensure re-
spect for its advice and counsel. Its mem-
bership should include individuals from
the institution or consultants, selected
so as to provide a diversity of disciplines
relevant to recombinant DNA technology,
biological safety, and engineering. In ad-
dition to possessing the professional com-~
petence necessary to assess and review
specific activities and facilities,-the com-
mittee should possess or have available
to it, the competence to determine the
acceptability of its findings in terms of
applicable laws, regulations, standards of
practices, community attitudes, and
health and environmental considerations.
Minutes of the meetings should be kept
and made available for public inspection.
The institution is responsible for report-
ing names of and relevant background
information on the members of its bio-
hazards committee to the NIH.

C. NIH Initial Review Groups (Study
Sections). The NIH Study Sections, in
addition to reviewing the scientific merit
of each grant application involving re-
combinant DNA molecules, are responsi-
ble for: (i) Making an independent
evaluation of the real and potential bio-
hazards of the proposed research on the
basis of these guidelines, (ii) determin-
ing whether the proposed physical con-
tainment safeguards certified by the in-
stitutional biohazards committee are ap-
propriate for control of these biohazards,
(iii) determining whether the proposed
biological containment safeguards are
appropriate, (iv) referring to the NIH
Recombinant DNA Molecule Program
Advisory Committee or the NIH Office of
Recombinant DNA Activities those prob-
lems pertaining to assessment of biohaz-
ards or safeguard determination that
cannot be resolved by the Study Sections.

The membership of the Study Sections
will be selected in the usual manner. Bio-
logical safety expertise, however, will be
available to the Study Sections for con-
sultation and guidance.

D. NIH Recombinant DNA Molecule
Program Advisory Committee. The Re-
combinant DNA Molecule Program Ad-
visory Committee advises the Secretary,
Department of Health, Education, and
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Welfare, the Assistant Secretary for
Health, Department of Health, Educa~
tion, and Welfare, and the Director, Na-
tional Institutes of Health, on a program
for the evaluation of potential biological
and ecological hazards of recombinant
DNAs (molecules resulting from differ-
ent segments of DNA that have been
joined together in cell-free systems, and
which have the capacity to infect and
replicate in some host cell, either au-
tonomously or as an integrated part of
their host’s genome), on the development
of procedures which are designed to pre-
vent the spread of such molecules within
human and other populations, and on
guidelines to be followed by investigators
working with potentially hazardous re-
combinants. ‘

The NIH Recombinant DNA Molecule
Program Advisory Committee has re-
sponsibility for: (1) Revising and updat-
ing guidelines to be followed by investi-
gators working with DNA recombinants,
(1i) for the time being, receiving infor-
mation on purported EK2 and EK3 sys-
tems and evaluating and certifying that
host-vector systems meet EK2 or EK3
eriteria, (iii) resolving questions con-
cerning potential biohazard and ade-
quacy of containment capability if NIH
staff or NIH Initial Review Group so
request, and (iv) reviewing and approv-
ing large scale experiments with re-
combinant DNAs known to make harm-
ful products (e.g., more than 10 liters of
culture) .

E. NIH Staff. NIH Staff has responsi-
bility for: (i) Assuring that no NIH
grants or contracts are awarded for DNA
recombinant research unless they (a)
conform to these guidelines, (b) have
been properly reviewed and recom-
mended for approval, and (¢) include a
properly executed Memorandum of Un-
derstanding and Agreement, (i) review-
ing and responding to gquestions or
problems or reports submitted by institu-
tional biohazards committees or princi-
pal investigators, and disseminating
findings, as appropriate, (ili) receiving
and reviewing applications for approval
to lower containment levels when a
cloned DNA recombinant derived from a
shotgun experiment has been rigorously
characterized and there is sufficient evi-
dence that it is free of harmful genes,
(iv) referring items covered under (i)
and (iii) above to the NIH Recombinant
DNA Molecule Program Advisory Com-
mittee, as deemed necessary, and (v)
performing site inspections of all P4
physical containment facilities, engaged
in DNA recombinant research, and of
other facilities as deemed necessary.

V. FOOTNOTES

1 Blological Safety Cabinets referred to in
this section are classifled as Class I, Class II
or Class III cabinets. A Class I cabinet is a
ventilated cabinet for personnel protection
having an inward flow of air away from the
operator. The exhast air from this cabinet
is filtered through a high efficiency or high
efficiency particulate air (HEPA) filter before
being discharged to the outside atmosphere.
This cabinet is used in three operational
modes; (1) with an 8 inch high full width
qpen front, (2) with an installed front clos-
ure panel (having four eight inch dlameter

NOTICES

openings) without gloves, and (3) with an
installed front closure panel equipped with
arm length rubber gloves. The face velocity
of the inward flow of air through the full
width open front 13 75 feet per minute or
sreater. A Class II cabinet is a ventilated cab-
inet for personnel and product protection
having an open front with inward air flow
for personnel protection, and HEPA filtered
mass recirculated air flow for product pro-
tection. The cabinet exhaust air is filtered
through a HEPA filter. The face velocity of
the inward flow of air through the full width
open front is 75 feet per minute or greater.
Design and performance specifications for
Class II cabinets have been adopted by the
National Sanitation Poundation, Ann Arbor,
Michigan. A Class I1I cabinet is a.closed front
ventilated cabinet of gas tight construction
wiiich provides the highest level of personnel
protection of all Blohazard Safety Cablnets.
The interior of the cabinet is protected from
contaminants exterior to the cabinet, The
cabinet is fitted with arm length rubber
gloves and is operated under a negative pres-
sube of at least 0.5 inches water gauge. All
supply air filtered through HEPA filters. Ex-
haust air is filtered through HEPA filters or
ineinerated before being discharged to the
outside environment.

2 Defined as observable under optimal lab-
oratory conditions by transformation, trans-
duction, phage infection and/or.conjugation
with transfer of phage, plasmid and/or chro-
mosomal genetic information.

aThe bacteria which constitute Class 2 of
ref. 5 (**‘Agents of ordinary potential haz-
ard * * *.') represent a broad spectrum of
etiologic agents which possess different levels
of virulence and degrees of communicability.
We think 1t appropriate for our specific pur-
pose to further subdivide the agents of Class
2 into those which we belleve to be of rel-
atively low pathogenicity and those which are
moderately pathogenic, The several specific
examples given may suffice to illustrate the
principle.

+«The terms ‘“characterized” and “free of
harmiful genes” are unavoidably vague. But,
in this instance, before containment condi-
tions lower than the ones used to clone the
DNA can be adopted, the investigator must
obtain approval from the National Institutes
of Health, Such approval would be contin-
gent upon data concerning: (a) the absence
of potentially harmful genes (e.g., sequences
contained in indigenous tumor viruses or
which code for toxic substances), (b) the
relation between the recovered and desired
segment (e.g., hybridization and- restriction
endonuclease fragmentation analysis where
applicable}, and (¢) maintenance of the bio-
logical properties of the vector.

5 A DNA preparation is defined as enriched
if the desired DNA represents at least 99%
(w/w) of the total DNA In the preparation.
The reason for lowering the containment
ievel when this degree of enrichment has
heen obtained is based on the fact that the
total number of clones that must be exam-
ined to obtain the desired clone is markedly
reduced. Thus, the probability of cloning a
harmful gene could, for example, be reduced
by more that 10°-fold when a nonrepetitive
gene from mammals was being sought. Fur-
thermore, the level of purity specified here
makes it easier to establish that the desired
DNA does not contain harmful genes.

¢ The DNA preparation is defined as puri-
fied if the desired DNA represents at least
999, (w/w) of the total DNA in the prepara-
tion, provided that it was verified by more
than one procedure.

7In special ecircumstances, In consultation
with the NIH Office of Recombinant DNA
Activities, an area biohazards committee may
be formed, composed of members from the
institution and/or other organizations be-

27921

yond its own staff, as an alternative when ad-
ditional expertise outside the institution is
ueeded for the indicated reviews.
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APPENDIX A—STATEMENT ON THE USE OF
“Bacillus subtilis” IN RECOMBINANT MOLE~
CULE TECHNOLOGY

Undquestionably, Escherichia coli 1s the
most well characterized unicellular organism.
Years of basic research have enabled investi-
gators to develop a well characterized genetic
map, to obtain detailed knowledge of virulent
and temperate bacteriophages, and to explore
the physiology, genetics, and regulation of
plasmids. More recently, the development of
DNA-mediated transformation has permitted
exogenous fragments or molecules of DNA
to be incorporated into the genome or to
reside as self-replicating units. The dis-
covery of transformation of Bacillus subtilis
by Spizien (1) stimulated the development
of analternative model system. The purpose
of this report is to summarize the current
status of this genetic system and to describe
the actual and potential vectors and vehicles
available for recombinant molecule tech-
nology.

A. CURRENT KNCWLEGDE OF THE CHROMOSOMAL
ARCHITECTURE AND MECHANISMS OF GENETIC
EXCHANGE IN B. “SUBTILLS”

Two mechanisms of genetic exchange have
been utllized to establish the linkage map of’
B. subtilis, DNA-mediated transformation
(capable of transferring approximately 1% of
the genome) and transduction with bacterlo-
phage PBSI (capable of transferring 5-8% of
the chromosome). Recent detalled genetic
studies with PBSI by Lepesant-Kejzlorova et
al. (2) have resulted in the development of
a circular genetic map for this organism.
The current edition of the map (3) contains
196 locl. Biophysical analyses have. estab-
lished that the chromosome is circular (4)
and replicates bidirectionally (5).

Transformation with purified fragments of
DNA is a highly efficient process in B. subtilis
with frequencies of 1 to 49 usually attained
for any auxothrophic or antibiotlc resistance
markers., Frequencles of approximately 10%
transformation can be achieved with DNA
prepared from gently lysed L-forms or pro-
toplasts (8). These large fragments of DNA
are readily incorporated by the recipient cell.
Generalized transduction occurs with bac-
teriophages SP10 (7), PBS1 (8), and SPP1
(9), while a low frequency of specialized
transduction has been reported with bac-
teriophage 4105 (10). .

Although transformation is most efficient
in homelogous crosses (B. subtilis into B.
subtilis), it has also been possible to exchange
DNA among closely related species (11). The
most extensively studied members of the B.
subtilis genospecies include B. licheniformis,
B. pumilus, B. amyloliquefaciens, and B.
globigit (refer to reference 12 for a review and
references 13—15 for examples of this heterol-
ogous exchange). This exchange oceurs even
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though there is a surprisingly wide discrep-
ancy between DNA—DNA hybridization
among these organisms (16)., Even though
the frequency of transformation is.low in the
heterologous cross [e.g., B. amyloliquefaciens
(donor)/B subtilis (recipient)}, the newly
acquired DNA from B. amyloliquefaciens in
the B. subtilis background can be readily
transferred at high efficiencies to other re-
cipient strains of B. subtilis (i4). Therefore,
the extremely high frequency of transforma-
tion permits the recognition and selection of
rare events.

B. CURRENT AND POTENTIAL VECTORS FOR
RECOMBINANT MOLECULE EXPERIMENTS

Lovett and coworkers have recently de-
scribed crytic plasmids in B. pumilus (17)
and B. subtilis (18). Of these organisms, B.
subtilis ATCC 7003 appears to be the most
useful since it carries one %0 two copies of a
plasmid with a molecular weight of 46X 105,
This strain is als closely related to B. subtilis
168. Another strain of B. subtilis (ATCC
16841) contains 16 copies of a plasmid with
a molecular weight of 4.6 X 109, Currently it is
not known whether genetic markers can be
readily introduced into these plasmids. To
date it has not been possible to readily stabil-
ize plasmids derived from B. pumilus in B.
subtilis even with heavy selective pressure
{P. Lovett, personal communication}.

Two temperate bacteriophages are under
development as vectors in B. subtilis, #3T
and SP02. Lysogeny of thymine auxotrophs
{strains sarrying thyA thyB) by bacte-
riophage #3T results in *‘conversion” to a
Thy+ phenotype. The attachment site for
this bacteriophage and the bacteriophage
gene for thymidylate synthetase (thyP) map
between the bacterial thyA and thyB loci in
the terminal region of the chromosome of
B. subtilis (19). The viral genome is readily
cleaved by the site-specific endonuclease,
Bam 1 (20), to produce 5 fragments (one of
which carries the thyP gene). The thyP car-
rying gene can be integrated into the bac-
terial genome in the absence of the intact
viral genome. Because deletions are available
that include the thyP region, it is theoreti-
cally possible to' introduce thyP at many
sites on the chromosome. The thyP gene can
be readlly purified for insertion into plasmids
or utilized as a scaffold to integrate other
heterologous DNA into the chromosome of
B, subtilis. Alternatively, it is possible to
purify fragments of the chromosome by gel
electrophoresis (21, 22), for insertion_ into

‘- bacteriophage #3T or SP02. At present, un-

fortunately, only the former carries a selec-
tive marker, i.e, the gene for thymidylate
synthetase, thyP.

€. DEVELOPMENT OF VEHICLES

B. subtilis is a Gram-positive sporulating
rod that usually inhabits soil. Although it
can exist on cutaneous surfaces of man (23)
and experimental animals, 1t rarely produces
disease. To develop a suitable vehicle it is
Imperative to have a host that is asporogenic.
The most appropriate deletion mutation is
deletion 29 (cit D). In addition to a defi-
ciency in sporulation this mutant rapidly
lyses when it has reached the end of its
growth cycle. Presumably this is due to the
failure to inactivate one of the aufolytic
enzymes (24). Through the introduction of a
D-alanine requirement (34 ug/mil) it is pos-
sible to block transport of compounds that
are transported by active transport (25, 26).
The further introduction of thymine auxo-
trophy (defects In the thyA thyB loci) will
enable the strain to survive only with a
plasmid vector carrying the purified thyP
gene from bacteriophage 3T or a defective
bacteriophage 3T carrying the thyP gene
but attached to the chromosome at an alter-
native site {due to the presence of deletion
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29 in the host). We have recently isolated
temperature-sensitive thyP mutants. If we
can isolate a temperature-dependent lysogen
that will grow only at 48°C it shouid be pos-
sible to make an unusual vehicle.

D. SITE-SPECIFIC ENDONUCLEASES

Recently two restriction modification sys-
tems have been observed between B. subtilis
168 and other bacilll. Trautner et al. have
isolated an effective system that inhibits in-
fection of the R strain of B. subtilis by bac-
teriophage SPP1 propagated on B. subtilis
168 (27) . The site-specific nuclease recognizes
the sequence GGCC. Young, Radnay, and

ccaa
Wilson observed a restriction meodification
system between B. amyloliquejaciens and
B, subtilis 168 (28). The endonuclease from
B. amyloliquefaciens (20) recognizes the
sequence GGATCC (29). More recently, two
CCTAGG

additional enzymes have been isolated from
B. globigii (30). The recognition sequence is
not known.

E. ADVANTAGES AND LIABILITIES OF THE
B. “SUBTILIS .SYSTEM”

a. Advantages

1. B. subtilis is nonpathogenic. Asporo-
genic deletion mutants are available to pre-
clude the problem of persistence through
sporulation. .

2. The circular chromosomal map is well
defined. At least 196 loci have been posi-~
tioned.

3. The organism is commercially important
in the fermentation industry.

4. Large numbers of organisms can be dis-
posed of readily with minimal environmental
impact. .

5. Unlike E. coli, it lacks endotoxin in the
cell wall. Therefore the cells can be used as
a single cell protein source.

6. The frequency of transformation is very
high, facilitating the detection of rare events,

7. A unigque bacteriophage, ¢3T, exists that
carries a gene that can be readily purified for
“scaffolding” experiments.

b. Disadvantages

1. The knowledge of genetics and physiol-
ogy of plasmids and viruses 13 primitive com-
pared with E. coli.

2, High-frequency, specialized transduc-
tion is not avallable as a means of gene
enrichment.

Based on itg promise, it seems appropriate,
and not chauvinistic, to urge development of
this system. )

Prepared by: Dr. Fank Young, University of
Rochester.
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APPENDIX B.—Poryoma AND SV40 VIirUs

Polyoma virus is a virus of mice, and infec-
tion of wild mouse populations is a common
event, for the. virus has often been isolated
from a high proportion of healthly adult
animals, both wild and laboratory bred, of
many colonies (Gross, L., Proc. Soc. Exp. Biol.
88, 362-368, 1955; Rowe, W. P., Bact. Rev. 25
18-31, 1961). As far as is known the virus
almost never causes a disease in these
animals. However, when'large quantities of
the virus are inoculated into. newborn or
suckling mice or hamsters, a variety of solid
tumeors 18 induced (Gross, L., Oncogenic
Viruses, Second Edition, Pergamon Press,
NY).

Polyoma virus grows Iytically in mouse-

cells in tissue culture. Thus mouse cells in
culture are probably transformed only by
virus particles that contain certain kinds of
defective genomes. Cells of other rodent spe-
cies, however, can be transformed by polyoma
virus particles that contain complete ge-
nomes (Folk, W., J. Virol., 11, 424431, 1973).
The virus does not replicate to a significant
extent in human cells in tissue culture
(Eddy, B. B, Virol. Monogr., 7, 1-114, 1969;
Pollack, R, E. Salas, J., Wang, R., Kusano, T,
and Green, H. J. Cell Physiol. 77, 117-120,
1971). The resistance of the cells seems to be
a consequence of the failure of the virus to
absorb or uncoat. However even when naked
viral DNA is introduced into the cells only
an abortive cycle of replication ensues; eafly
viral proteins are made, there is induction of
cellular DNA synthesis, but no expression of
late viral proteins {s detectable (Gruen, R,
Grassmann, M. and Grassmann, A., Virology,
58, 290-293, 1974).

There is no evidence that polyoma virus
can infect humans (Hartley, J., Huebner, R,
Parker, J. and Rowe, W. P., unpublished
data). Thus no antibodies to the virus have
been detected in people living in buildings
that are infested with virus-infected mice,
nor in laboratory workers who have been ex-
posed to the virus for a number of years.

At most, a small segment of polyoma virus
DNA shows weak homology with a portion of
the late reglion of SV40 DNA (Ferguson, J.
and Davis, R. W., J. Bol. Blol,, 94, 135-150,
1975). However, there appears to be no gene-
tic interaction between the two viruses and
there is no immunological cross-reaction be-
tween the gene products of the two viruses.

SV40 causes persistent but apparently
~harmless infections of the kidneys of vir-
tually all adult rhesus monkeys (Hsiung, G.
D., Bact. Revs. 32, 185-205, 1968), it causes
tumors when injected into newborn hamsters
(Girardi, A. J., Sweet, B. H,, Slotnick, V. B.
and Hillemann, M. R., Proc. Soc. Exp. Biol.
Med., 105, 420-427, 1964) and transforms cells
of several mammalian specles (including hu-
man). SV40 1s able to Infect human since
antibodies to the virus are found in a small
proportion of the human population (Shah,
K. V., Goverdhan, M. K. and Ogzer, H. L., Am.
J. Epid. 93, 291-298, 1970) and serum conver-
sions have been noted in many laboratory
personnel who have been exposed to the virus
(Horvath, L. B., Acta Microbiol. Acta Sei.
Hung, 12, 201-206, 1965) . '

Isolations of SV40 have been reported from
humans, twice from patients suffering from
the rare demyelinating disease, progressive
multifocal leukoencephalopathy (Welner, L.,
Herndon, R., Narayon, O., Johnson, R. T,
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Shah, K., Rubinstein, L. G., Prezozisi, T. J.
and Conley, F. K., New England J. Med. 286,
385-390, 1972) and apparently from a tumor
of a person with metastatic melanoma (Sori-
ano, ¥, Shelburne, C. E. and Gokcen, M,
Nature, 249, 421424, 1974). In other studies
a non-structural antigen characteristic of
papovaviruses, T antigen, has been detected
in the nuclei of cells cultured from 2 menin-
giomas, while another SV40-specific antigen,
U antigen, has been found in the cells of a
third tumor of the same type (Weiss, A. F.,
Portman, R., Fisher, H., Simon, J. and Zang,
K. D., Proc. Nat. Acad. Sci. USA 72, 609-613,
1975). Purthermore new papovaviruses have
been isolated from the brains of patients
with PML (JC virus—Padgstt, B. L., Walker,
D. L., zuRhein, G. M, Eckroade, R. I. and
Dessel, B. H., Lancet 1, 1257-1260, 1971), from
the urine of a patient carrying a renal allo-
graft (BK virus—Gardner, S. D, Field, A. M,,
Coleman, D. V. and Hulme, B. Lancet 1, 1253-
1257, 1971) and from a reticulum cell sar-
coma and the urine of patients with the sex-
linked recessive disorder, Wiscott-Aldrich
syndrome {Takemoto, K. K., Rabson, A. S,
Mullarkey, M. F., Blaese, R. M. Garon, C. F.
and Nelson, D. J., Nat. Cancer Inst., 53, 1205-
1207, 1974). All of these viruses which are
distributed widely throughout human popu-
lations share antigenic and biological prop-
erties with S5V40; the virus particles are
identical in size and architecture (Madeley,

C. R, In Virus Morphology, Churchill-Liv-.

ingstone, London, 134-135, 1972); the non-
structural intracellular T antigen, which ap-
pears to be coded by the A gene of SV40 cross
reacts extensively with antigens found in
cells infected or transformed by BX or JC
viruses; both JC or BK viruses induce tumors
in newborn hamsters (Walter, D. L., Padgett,
B. L. zuRhein, B. M., Albert, A. E. and Marsh,
R. F., Science 181, 674-676, 1973; Shah, K. V.,
Daniel, R. W. and Strandberg, J., J. Nat. Can-
cer Inst. 54, 945-950, 1975); BK virus causes
transformation of hamster cells in culture
(Major, E. D, and DiMayorca, G., Proc. Nat.
Acad. Sci. US, 70, 3210-3212, 1973; Portolani,
M., Barbanti, A., Brodano, G. and LaPlaca,
M. J., Virol. 15, 420-422, 1975) and is-able to
complement the growth of certain tempera-
ture-sensitive mutants of SV40 (Mason, D. H.
and Takemoto, K. K., submitted for publica-
tion).
FURTHER WORKE

At present, a potential eukaryotic vector
of choice is polyoma virus. And while avail-
able {nformation indicates that it fulfills all
the necessary criteria, we recommend that
the following subjects be further investi-
gated:

1. The molecular mechanism of resistance
of human cells to the virus.

2. The extent of homology between polyoma
virus DNA and the DNAs of human papova-
viruses.

3. The ability of human papovaviruses to
complement defective polyoma virus ge-
nomes.

Report of a working group consisting of:
Dr. Bernard Fields, Harvard University School
of Medicine; Dr. Thomas J. Kelly, Jr., Johns
Hopkins University School of Medicine; Dr.
Andrew Lewis, National Institute of Allergy
and Infectious Diseases; Dr. Malcolm Martin,
National Institute of Allergy and Infectious
Diseases; Dr. Robert Martin, National In-
stitute of Arthritis, Metabolism, and Digest-
tive Diseases; Dr. Elmer Pfefferkorn, Dart-
mouth Medical School; Dr. Wallace P. Rowe,
National Institute of Allergy and Infectious
Diseases; Dr. Aaron Shatkin, Roche Insti-
tute of Molecular Blology; Dr. Maxine Singer,
National Cancer Institute. Rapporteur: Dr.
Joe Sambrook, Cold Spring Harbor Labora-

tory.

APPENDIX C.—SUMMARY OF THE WORKSHOP
o THE D=SIGN AND TESTING OF SAFER
PROKARYOTIC VEHICLES AND BACTERIAL
HosTs POR RESEARCH ON RECOMBINANT DNA
MOLECULES

TORREY TINES INN, LA JOLLA, CALIFORNIA

The development of techniques for the
cioning of DNA from both prokaryotic and
eukaryotic organisms in bacteria has had
great impact on research in biology and
medicine and promises extraordinary social
benefits. The biochazards invoived in the use
of this technology in many instances are
very difficult to assess. For this reason codes
of practice are being formulated in the
United States and other countries for the
conduct of those experiments that present
a potential biohazard. One of the require-
ments for conducting certain cloning ex-
periments is the use of safer vector (bac-
teriophage or plasmid) -host systems, i.e,
vector-bacterium systems that have re-
stricted capacity to survive outside of con-
trolled conditions in the laboratory. Ap-
proximately sixty scientists from the United
States and several foreign countries partici-
pated in a workshop on the Design and Test-~
ing of Safer Prokaryotic. Vehicles and Bac-
terial Hosts for Research on Recombinant
DNA Molecules at La Jolla, California, on 1
to 3 December, 1975. The workshop was spon-
sored by the Research Resources Branch of
the National Institute of Allergy and In-~
fectious Diseases. The purposes of the meet-
ing were the exchange of recent data on the
development of safer prokaryotic host-vector
systems, devising methods of testing the
level of containment provided by these sys=
tems and exploring the various directions
that future research should take in the con-
struction of safer bacterial systems for the
cloning of foreign DNA.

The first session of the workshop, chaired
by W. Szybalski (University of Wisconsin),
was devoted to bacteriophage vectors. Szybal-
ski outlined the main safety features of the
two-component, phage-bacterial system, in
which the host bacteria offer the safety fea-
ture of not carrying the cloned DNA, and the
phage vectors cannot be propagated in the
absence of an appropriate host. There are
two primary escape routes for the clones of
foreign DNA carried by the phage vector:
(1) establishment of a stable prophage or
plasmid in the laboratory host used for
phage propagation, and subsequent escape
of this self replicating lysogen or carrier
system, and (2) escape of the phage vector
which carries the cloned DNA and its sub-
sequent productive encounter with a suit-
able host in the natural environment. The
general consensus was that to ensure safety,
both routes should be blocked by appropri-
ate genetic modifications. For phage ), route
(1) can be blocked by phage mutations that
interfere with lysogenization (att-, int-, cI-,
cIlI-, vir) and plasmid formation {N+, ninR,
v8S, ric, ¢17, Ots, crots), and by mutations on
the Escherichia coli host that affect these
processes (attB-, dncAts) and host survival.
Route (2), [which is of low probability since
A phages do not survive well in natural envi-
ronments (no icl phage was recovered after
ingestion of 10%-10% particles), are killed by
desiccation, and have a low chance to en-
counter a naturally sensitive host] can be
blocked further by the Ifollowing phage
modifications: (a) mutations which result
in extreme instability of the  infectlous
phage particles under all conditions other
than those specially designed for phage pro~
pagation in the laboratory (e.g., high con-
centrations of putrescine or some other com=
pound), or (b) employing phage vectors in
which the tail genes are deleted and which °
permit propagation of only the DNA-packed
heads; only under laboratory conditions '
<ould such heads. be made transiently mxec-).
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tious by rejoining them with separately
prepared tails. The high instability of the
phage would minimize the possibility of
transfer of the cloned genes into receptive
bacteria found in nature. Moreover, the pro-
pagation of the phage can be blocked by
many conditional mutations, which would
be designed to block any secondary route of
escape, mainly depending on transfer of the
cloned DNA into another phage or bacterial
host. It was recommended further that the
vector be designed in such a manner as to
permit easy insertion and monitoring of the
roreign DNA and rapid assay of the safety
features and give a high yield of cloned DNA
(not less than 101 molecules per mi). There
also was general agrcement that host-phage
systems other than E. coli should be con-
sidered, especially those restricted to- very
rare and unusual environments. Also, plas-
mids derived from phage vectors and which
zive very high DNA yields while exhibiting
safety features, e.g., Advcrots, should be
considered as vehicles for cloned DNA.

Szybalski and S. Brenner (Cambridge Uni-
versity) stressed that research on recomn-
binant DNA molecules may lend itself to
very simple and inexpensive mechanical con-
tainment, e.g., a small sealed glove box, since
all the vectors that carry such recombinant
molecules possibly can be both created and
destroyed in such a box, while development
of special methods might permit study of
many properties of the recombinant DNA,
without ever removing it from the box.

These safety features were reflected in the
subsequent presentations. F. Blattner and
W. Williams (University of Wisconsin) de-
scribed four specially constructed A-¢80
phages which incorporate many of these
safety features, and which they named
Charon phages, for the mythical boatman
of the river Styx. Some of these highly con-
tained phages give yields of over 109 par-
ticles/ml. R. Davis, J. Cameron and K.
Struhl (Stanford University) found that A
phages that carry foreign DNA never grow
as well as the parental vector, which would
select against their survival in nature. They
also reported that some eukaryotic genes
could be expressed in E. coli, partially com-
pensating for deficiencies in the histidine
pathway or In pold or lig functions. These
investigators surveyed over 1000 strains of
E. coli isolated in the natural environment
and did not find a single strain that could
support propagation of the \vir vector.

V. Bode (Kansas State University) dis-
cussed the possibility of growing tail-free A
heads. Such heads, which are packed with
DNA, are very fragile, unless stored in 0.01
M putrescine buffer. Head ylelds close to
102/m! could easily be attained and, when
required, heads could be quantitatively re-
jolned with separately supplied tails under
special laboratory conditions. W. Arber, D.
Scandella and J. Elliott (University of Basel)
described bactertal host mutants that per-
mit efficient infection only.by phages with a
full complement of DNA. This permits select-
ing for vectors that carry long fragments of
foreign DNA.

K. Matsubara, T. Mukail and Y. Takagl
{University of Osaka and Kyushu Univer-
sity), and G. Hobom and P. Phillippsen (Uni-
versity of Freiburg and Stanford University)
described various defective A plasmids (Adv)
that could be used as efficlent vectors. Matsu-
bara has shown that temperature-sensitive
cro mutations permit obtaining between
1000 and 3000 cloned molecules per cell and
at the same time result in killing of the
carrier cells at body temperature. The muta-~
tions Ots and Pts were also evaluated as
safety features. Phillippsen described many
new Adv plasmids created by cutting A DNA
with HindIII and BamlI restriction endonu-
cleases followed by ligation. The final talk
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by F. Young, G. Wilson and M. Williams
(University of Rochester) summarized the
progress on the development of safer Bacius
subtilis host mutants and phages, especially
#3, as vectors. New restriction nucleases,
Bgl-1 and Bgl-2, were also described.

The morning session on bacteriophage vec-
tors was followed by a session on plasmid
vectors that w=as chaired by D. Felinski
(University of California, San Diego).
Helinsk! presented the following properties
as highly desirable characteristics of a safer
plasmid vehicle: (a) non-conjugative; (b}
non-mobilizable or peorly mobilizahle by a
conjugative plusmid; (¢) porsesses little or
no extraneous genetic information; (d)
poorly recombines or does not recombine
with the chromosome of the host cell; (e}
provides no selective advantage to the host
c2!1 or the selective property is conditional;
and (f) possesses mutations that restrict
its maintenance to a specific host, prevent
replication at mammalian body temperature
and/or provide the plasmid with the capa-
bility of killing any cell to which it might be
transmitted other than the host cell. V.
Hershfield (University of California, San
Diego) described the properties of a variety
of derivatives of the ColEl plasmid and the
broad-host range, P-type plasmid, RKZ.
One of the ColE1 derivatives, ColEl~-{rp, con-
structed in collaboration with C. Yanofsky
and N. Franklin (Stanford University) pro-
vides the means to use the tryptophan genes
of E. coli as a selective marker in trans-
formation with recombinant DNA in situa-
tions where it is desirable to avoid antibiotic
resistance genss. In addition, Hershfield

" described collaborative work with H. Boyer

that resulted in the development of a mini-
ColEl plasmid and derivatives of this
plasmid (mini-ColEl-kan and mini-ColEl-
trp) as cloning vehicles. Finally, she de-
scribed the temperature-sensitility prop-
ertiies of {rp and kan derivatives of a tem-
perature sensitive replication mutant of
ColEl isolated by J. Collins (Molecular
hiology Institute, Stockheim) and hybrid
ColE1 plasmids carrying the EcoRI generated
Cts fragment of bacteriophage \-trp61.

J. Carbon (University of California, Santa
Barbara) described a replica plating method
that greatly facilitates the detection of
E. coli clones bearing ColEl plasmids. The
procedure, which utilizes the F, plasmid to
promote the transfer of a hybrid ColEl
plasmid to a suitable auxotrophic recipient,
was successful in identifying clones bearing
hybrid plasmids carrying a number of differ-
ent regions of the E. coli chromosome. The
contributions of A. J. Clark and coilabora-
tors (University of California, Berkeley)
were relevant to the problem of the mobili-
zation and subsequent transfer of non-con-
Jugative plasmids carrying foreign DNA of a
potentially hazardous mnature. Clark de-
scribed the variations in iransmission fre-
quencies between the nonconjugative plas-
mids pSC101, pML31, pSC138 and a number
of pSC101 hybrids containing various EcoRI
fragments of F when the conjugal transfer
of these plasmids was promoted by several
different conjugative plasmids. )

I. C. Gunsalus and collaborators (Univer~
sity of Illinois) and A. Chakrabarty (Gen-
eral Electric Research and Development Cen-
ter) described the properties of a variety of
plasmids isolated from Pseudomonas putida.
These contributions were followed by a dis-
cussion on the merits of developing plasmid-~
host systems involving Pseudomonas sirains
that naturally exhibit unusual growth re-
cquirements. Similar studies with plasmids
isolated from Baeillus megaterium by B.
Carliton (University of Georgia) from B.
subtilis by P. Lovett (University of Mary-
land) and other naturally occurring Bacillus
species by W. Goebel and K. Bernhard (Mi-

27925

crobiclogy Institute, Wurzburg) were dis-
cussed and their further development as
plasmid-host cloning systems was explored.
It was clear from these presentations that
conziderable progress has been made re-
contly in the identification and characteri-
zation of a variety of plasmid elements that
ur naturally in Pseudomonas and Bacillus
pecies, Several of the plasmids - described
sliow considerable promise as plasmid clon-
ing svstems invoiving a host other than
g, coli, .

A third seszion on the ecology and epi-
olngy of vector-host systems was chaired.
4. Falkow (University of Washington).
This workshop emerged, in part, from ex-
preseed fears that microorganisms contain-
ing cloned fragments of foreign DNA poten-
tially pose a threat to health or disrupt the
normal ecological chain in some manner.
Congequently, this session was devoted to a
review of currently available information on
the ecology and epidemiology of E. coli and
related bacterial species since it was recog-
nized that E. coli K-12 would be the pro-
karyotic host most commonly employed in
the cloning of DNA molecules in the Imme-
diate future. F. Orskov (Escherichia Refer-
ence Center, Copenhagen) reviewed the state
of E. coli serotyping and what has been
learned about the distribtuion of E. coli
types in health and disease. Omnly certain
E. coli types are generally recognized as good
colonizers of the human gut and such strains _
come from a handful of the 160 well defined
0 (lipopolysaccharide) antigen types and in-
variably posses K (acidic polysaccharide
capsule) antigens. Some serotypes appar-
ently have.become disseminated worldwide
and possibly represent the proliferation of a
bacterial clone because of, as yet unkown,
selective pressures. In contrast, E. coli K-12
has no detectable O or K antigens and Is
considered to be rough. This may account, at
least in part, for its demonstrable poor abil-
ity to colonize the human or animal gut.
However, R. Freter (University of Michigan)
point out that we still remain largely lgnor-
ant of the factors which control intestinal
E. coli pepulations. Freter also noted. that
while adherence to the mucosal surface of
the small intestine is important in the path-
ogenesis of E. coli diarrheal disease, the “‘nor-
mal” long-lasting symbiotic relationship be-
tween a mammallan host and bacterium is
established in the cecum and colon. It is in
these locations that factors come into play
to determine whether an E. coli strain pass-
ing through the intestine will become suc-
cessfully implanted or whether it will be
quickly eliminated in the feces.

The factors controlling implantation in-
clude competition for substrates, inhibitors
and the physiological state of the organism
when it reaches the large bowel. For example,
ingested E. coli previously grown under usual
laboratory conditions fare poorly while cells
of the same strain “pre-adapted” in Eh, pH,
ete., often colonize well, Freter has developed
a continuous flow culture model which may
be useful in studying the mechanisms of
implantation. Falkow reviewed the patho-
genicity of E. coli. E. .coli causes dlarrheal
disease either by direct invasion of the bowel
epithellum or by elaboration of entero-
toxin(s). While invasive E. coli appear to owe
their pathogenicity to a constellation of a
least five uniinked chromosomal gene clas-
ters, toxigenic E. coli species generally owe
their pathogenicity to the possession of two
species, Ent and K. The Introduction of Ent
and K plasmids may be sufficient to convert
a normal wild-type E. coli Into a straln now
capable of causing overt clinical disease.
However, the Introduction of these plasmids
into E. coli K-12 sublines had no discernible
effect on thelr ability to cause disease, al- {’
though the K-12 strains could now better,
colonize calves. Despite the observation that$ |

o)
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E, coli K-12 did not appear to offer a signifi-
cant hazard as a potential enteric pathogen
even when it possessed well-defined determ-
inants of pathogenicity it was emphasized by
Orskov, Freter and Falkow that E. coli K-12
strains carrying recombinant DNA molecules
could still aect as effective genetic donors in
viwo and still posed a significant problem re-
quiring control. E. Geldreich (U.S. Environ-
mental Protection Agency, Cincinnati, Ohio)
discussed the possible outcomes of the re-
lease of E. coli containing recombinant DNA
molecules into the aquatic environment and
concluded that total reliance cannot be
placed on sewage treatment and the natural
self-purification capacity of receiving waters
to limit potential hazards. While these are
realistic barriers to the dissemination of E.
coli and associated fecal organisms via the
water route, they are not infallible because
of technological lmitations, improper op-
erational practices and system overloading.
Pinally, M. Starr University of California,
Davis) described the numerous genera of
gram-negative bacteria found naturally oc-
curring in the soil and on plants. He stated
that most of these organisms do not appear
to be a reasonable alternative to E. coli K—12
as a host for recombinant DNA molecules.
Indeed, Starr pointed out that since such
genera as Erwinia, Rhizobium and Agrobac-
terlum are known to conjugate with E. coli,
the potential dissemination of recombinant
DNA molecule includes a greater spectrum
of microorganisms than just enteric species.

The fourth session of the workshop,
chaired by R. Curtiss IIT (University of Ala-
bama), was concerned with the construction
of safer bacterial hosts for DNA cloning.
‘The goals in constructing safer host strains
enumerated at the beginning of the session
Included introduction of mutations that
would: (a) preclude colonization in normal
ecological niches; (b) preclude cell wall bio-

synthesis except in specially defined media;

(¢) cause degradation of genetic informa-
tion in normal ecological mniches; (d) cause
vectors to be hgst-dependent; (e) minimize
transmission of recombinant DNA to other
strains in normal ecological niches; (f) in-
crease usefulness for recombinant DNA
molecule research; and (g) permit monitor-
ing.

Most of the progress in developing safer
hosts has been achieved with E. coli K-12, al-
though F. Young described a B. subtilis
strain with a deletion for sporulation genes
which readily undergoes autolysis. The
strain also has defects in genes for purine
and TTP biosynthesis and a mutation con-
ferring a D-alanine requirement can be in-
troduced to cause cell wall biosynthesis to be
defective. This strain may be defective in
transformation, however, and therefore
might be useful only with a phage vector
which has yet to be developed -and/or dis-
covered.

A.I. Bukhari {Cold Spring Harbor Labora-
tory) described the use of the dapD8 muta-
tion in E. colt K-12 to block cell wall biosyn-
thesis and another non-reverting mutation
which causes sensitivity to bile salts and de-
tergents. The dapD8 allele is the most stable
dap point mutation known, although 1t does
revert at frequencies of 10-¢ to 10-%. The mu-~
tation conferring bile salts sensitivity was ob-
talned after Mu-1 infection of an Hfr strain
and, although exhibiting the theoretically
useful properties of ease of DNA Isolation
and inability to survive in the intestinal
tract, might be due to Mu insertion which
would compromise its use for safe sirain
construction.

Curtiss reported on the work performed by
him and his coworkers in constructing and
testing numerous strains with different mu-
tations. Survival of sttains in vivo was tested
by feeding rats 10 cells tn milk.-by stomach
tube, Apur mutations did not reduce strain
titers in feces whereas Athyd; AthyAd drm;
and Athyd dra mutations gave 107-fold, 102-
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fold and 10%-fold reductions, respectively, in
strain titers in feces. Strains with Athy4A mu-
tations also exhibited thymineless death in
in vitro tests. Since strains with the dapD8
allele can revert to Dap* strains were con-
structed with both the dapDs and .AbioH-
asd mutations. These strains have not been
observed to revert to Dap+ but can survive
passage through the rat intestine and in
growth media lacking diaminopimelic acid
but containing NaCl and 0.5% usable carbon
sources. This survival was due to the produc-
tion of the mucopolysaccharide, colanic acid,
which permits many of the cells to grow and
survive as spheroplasts. A Agal-chi’™ muta-
tion (also deletes \atf, bio and uvrB genes)
was introduced which blocks colanic actd
biosynthesis and leads to no detectable sur-
vivors in media lacking diaminopimelic acid
or following passage through the rat in-
testine. The dapD8 AbioH-asd Agal-chlr
strains are more readily lysed, transform at
higher frequencies and are conjugation-de-
fective in matings with donors possessing
conjugative plasmids in the P, W and O in-
compatibility groups but Cont as recipients
for P, T and T group plasmids when com-~
pared to the dap* gal* parent strain. Strains
with endd4 mutations were also observed to
exhibif increased transformation frequen-
cies. Attempts to introduce temperature-
sensitive pold alleles into strains to block
replication of ColEl cloning vectors at ele-
vated temperatures and to cause DNA deg-
radation at elevated temperatures in the
presence of rec4 and AthyA alleles often do
not have the same properties in the con-
structed strains as in the strains in which
the allele was originally induced. Many mu-
tations causing a Con- phenotype have been
investigated, but many of these revert or do
not exhiblt a Con- phenotype in matings
with donors possessing conjugative plasmids
of the incompatibility groups commonly
found in enteric microorganisms. Some Con-
mutants exhibit increased sensitivity to bile
salts; thus, the mutant described by Bukhart
may also exhibit a Con- phenotype. All of the
strains constructed by the Curtiss group are
Sull+ and most have mutations abolishing
restriction alone or both restriction and mod-
ification. Thus, sufficient information is now
known to construct a usable safer E. coli K~
12 host. Curtiss and collaborators are now
introducing the Athyd and dna mutations
into their dapD8 Abic-asd Agal-chi*-uvrB
hsr nalA® (for ase In monitoring) Su*r »*
$80r strain to accomplish this objective,
The final session involved a general discus-
sion of some of the major points raised pre-
viously in the workshop. There was general
agreement at this sesston that both plasmid-
host and phage-host systems have been de-
veloped that should meet the criteria of an
EK2 system specified by the National In-
stitutes of Health guidelines for research on
recombinant DNA molecules. Additional test~
ing is required to confirm the EK2 properties
of these available systems, but it iIs an-
ticipated that these vector-host systems will
meet these tests.
Dr. Donald R. Helinskl, University of Call-
fornia, San Diego.
Dr. Stanley Falkow, University of Washing-
ton.
Dr. Roy Curtlss IIT, University of Alabama.
Dr. Waclaw Szybalskl, University of Wiscon-
sin.
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BEHpOWE

I. BIOLOGICAL SAFETY CABINETS

Binlogical Safety Cabinets suitable for con-
fining operations involving recombinant DN4
molecules are described below:

1, Clasg 1. A ventilated cabinet for per-

.sonnel protection only, with an unrecircu-
lated inward flow of air away from the op-
erator. The exhaust air from this eabinet
may be filtered through a high-efficiency or
high-efficlency particulate air (HEPA) filter
before being discharged to the outside at-
mosphere., This cabinet ls suitable for re-
search work with the Center for Disease Con-
trol (CDC) classes of etiologic agents 1, 2 and
3 where no product protection is required
‘This cabinet may be used in three opera-
tional modes: (i) with an eight-inch high,
full-width open front; (ii) with an installed
front closure panel (having four, eight-inch
diameter openings) without gloves; and (iii)
with an installed front closure panel
equipped with arm length rubber gloves. See
Table I for ventilation requirements, agent
use limitations, and minimum performance
requirements. .

2. Class II. A ventilated cabinet for per<
sonnel and product protection having an
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open front with inward air flow for personnel
protection, and HEPA-filtered recirculated
mass air flow for product protection. The
cabinet exhaust air is filtered through a
HEPA filter. Two models of this cabinet are
available, Type 1 and Type 2.

(1) Type 1. The Type 1 recirculates ap-
proximately 70% of the air.+The exhaust
air from this cabinet may discharge into the
laboratory or be diverted out of the labora-
tory. This cabinet is suitable for CDC classes
of etiologic agents 1, 2, and 3. Vapors or
gases which are hazardous from a toxic,
radioactive, or flammability standpoind
should not be used in this cabinet because of
the high quantity of recirculated air.

(ii) Type 2. The Type 2 cabinet recircu-
lates approximately 30% of the air. The ex-
haust air from this cabinet is normally
ducted out of the laboratory through a
HEPA filter and, occasionally, an activated
charcoal filter depending on the operation.
The cabinet may be used with gases or
vapors that are hazardous from a toxic,
radioactive, or flammability standpoint. How-
ever, any consideration of use of such ma-
terials should be evaluated carefully from

NOTICES

the standpoint of build-up to dangerous
levels and problems of decontamination of
the cabinet. See Table I for ventilation re-
quirements, agent use limitations, and min-
imum performance requirements.

3. Class I1I. A closed front ventilated cabi-
net of gas-tight construciion providing total
protection for personnel and product from
contaminants exterior to the cabinet. The
cabinet is operated under a negative pressure
of at least 0.5 inches water gauge. All supply
air is HEPA-filtered. Exhaust air is HEPA-
filtered or incinerated to protect the envi-
ronment. This cabines, fitted with arm length
rubber gloves, provides the highest contain-
ment of these three classes of cabinets and
is utilized for all activities involving high
risk agents (i.e., CDC eticlogic agents, class
4). See Table I for ventilation requirements,
agent use limitations, and minimum per-
formance requirements.

The integrity of any cabinet depends on
initial and periodic evaluation to meet es-
tablished performance tests. Table I outlines
the minimum performance required to as-
sure that the cabinets will provide protec-
tion of personnel and the environment.

TaeLe 1.—Biological safety cabinets, safely performance requirements, and specifica-
tions, June 1976 ’

Performance reqilirements

Exhaust
. Face velocity Exhaust air (cubie filter
Cabinet Use classification feet per minute) efficiency
Leak tightness (percent)
DNA! CDC:? (linear feet 4-ft hood  6-ft hood
per minute)
Class T __________. P1-P3 1-3 75 200 300 Not applicable._____.. 99. 97
Class IT, type 1.... P1-P3 1-3 75 260 400 Gas tight; leak rate 99.97
<1 by 10~ cm¥/s
2-in water gage
pressure.
Class I1, type 2. ... P1-P3 1-3 100 230 360 Pressure tight; no air/ 9. 07
. soap bubble at 2-in
water gage pressure.
Class II7T.. .. P4 4 [O)] 0] ) QGas tight; leak rata 99. 97

<1 by 10-% cm¥/s at.
3-in water gage
pressure.

1 For work with recombinant DN A molecules.

? Center for Diseass Control (U.S. Public Health Service).

¥ Not applicable.

4 Based on 1 vol. of air change each 3 min, in the absence of unusual heat or moisture that would require more air

ehanges.
II. UNIVERSAL BIOHAZARD WARNIKG SYMBOL (1)

The biological hazard warning symbol
(bichazard symbol} specified herein shall be
used to signify the actual or potential pres-
ence of a biohazard and to identify equip-
ment, containers, rooms, materials, experi-
mental animals or combinations thereof
which contain or are contaminated with
viable hazardous agents.

The biohazard symbol shall be designed
and proportioned as illustrated here:

<
i
n

" [umamsron TaTaTcToToTrToTn]
ETTES I anmnnme

The symbol shall be as prominent as prac-

tical, and of a size consistent with the size:

of the equipment or material to which 1t is
affixed, provided the proportions shown above
are maintained, and, in any case, that the
symbol can be easily seen from as many
directions as possible.

Except when circumstances do not permit,
the symbol shall be oriented with one of the
three open circles pointed up and the other
two forming a base.

The symbol color shall be a fluorescent
orange or orange-red color.* Background
color is-optional as long as there is sufficient
contrast for the symbol to be clearly defined.

Ravised 9-9-54
#Day=clob Zire Orange of the Swiczer Brechers, lac. L6 cltsd a s cximale,
=0 am endorsement.

The blohazard symbol shall be used or dis-~
played only to signify the actual or potential
presence of biological hazard.
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Appropriate wording may be used in asso-
ciation with the symbol to indicate the na-
ture or identity of the hazard, name of indi-
vidual responsible for its control, precau-
tionary information, etc., but never should
this information be superimposed on the
symbol.

ADMITTANCETO AUHORIIED PERSONNEL ONLY
Hozard identity:

tla |

In case of emergency coll;
Home phone

Doytime phone
Auithorization for entrance must be oblained from
the Responsible Investraator named

III. LABORATORY TECHNIQUES FOR BIOHAZARD
CONTROL
A. Pipetting

1. No infectious or toxic materials should
be pipetted by mouth (2, 3, 4).

2. No infectious mixtures should be pre-
pared by bubbling expiratory air through a
liquid with a pipette (2, 3, 4).

3. No infectious material should be blown
out of pipettes (2, 3, 4).

4. Pipettes used for the pipetting of infec-
tious or toxic materials should be plugged
with cotton (2, 3, 4).

5. Contaminated pipettes should be placed
horizontally in a pan containing enough
suitable disinfectant to allow complete im-
mersion (2, 4, 4). They should not be placed
vertically in a cylinder.

6. The pan and pipettes should be asuto-
claved as a unit and replaced by a clean pan
with fresh disinfectant (2, 3, 4).

7. Infectious material should not be mixed
by alternate suction and expulsion through
a pipette (2, 3, 4).

8. Mark-to-mark ptpettes are preferabie to
other types, as they do not require expulsion
of the last drop (5).

9. Discharge should be as close as possible
to the fluid or agar level, or the contents
should be allowed to run down the wall of
the tube or bottle whenever possible—not
dropped from a height (5).

10. A disinfectant-wetted towel over the
immediate work surface is useful in some
cases to minimize the splash from accidental
droppage (9).

L. Syringes and Needles (9)

1. To lessen the chance of accidental in-
Jection, aerosol production or spills, avoid
unhecessary use of the syringe and needle.
T'or instance:

(i) Use the needle for parenteral injections
but:use a blunt needle or a cannula on the
syringe for oral or intranasal inoculations.

(ii) Do not use a syringe and needle as a
substitute for a pipette in making dilutions
of dangerous fluids.

2, Use the syringe and needle in a Blologi-
cal Safety Cabinet only and avoid quick and
unnecessary movements of the hand holding
the syringe.

3. Examine glass syringes for chips and
cracks. and needles for barbs and plugs.
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Note: This should be done prior to steriliza-
tion before use.

4. Use needle-locking (Luer-Lok® type}
syringes only, and be sure that the needle is
locked securely into the barrel. A disposable
syringe-needle unit (where the needle is an
integral part of the unit) is preferred.

5. Wear surgical or other type rubber gloves
for all manipulations with needles and
syrimges,

6. Fill the syringe carerully to minimwze air
hubbles and frothing of the incculum.

7. Expel excess air, liguid and bubbles from
a syringe vertically into a couton pledget
moistened with the proper disintectant, or
into a small bottle of sterile cotton.

8. Do not use the syringe to expel force-
fully a stream of infectious fluid inw aun
open vial or tube for the purpose of nxig;ing
Mixing with a syringe is condoned only if
the tip of-the needle is held below the surrace
of the fluid in the tube.

9. If syringes are filled from iest rubes, take
care not to contaminate the hub. of the
needle, as this may result in transfer of
Infectlous material to the fingers.

. 10. When removing a syringe and needle
from a rubber-stoppered bhottle, wrap the
needle and stopper in a cotton pledget mols-
tened with the proper disinfectant. If there
Is danger of the disinfectant contaminating
sensitive experiments, a sterile dry pledget
may be used and discarded immediately into
disinfectant solution.

11. Inoculate animals with the hand “he-
hind” the needle to avoid punctures.

12. Be sure the animal is properly restrained
prior to the inoculation, and be on the alert
for any unexpected movements of the ani-
mal.

13. Before and after injection of an animal,
swab the site of injection with a disinfectant.

14. Diseard syringes into a pan of disin-
fectant without removing the needle. The
syringe first may be fllled with disinfectant
by immersing the needle and slowly with-
drawing the plunger, and finally removing
the plunger and placing it separately into
the disinfectant. The filling action clears
the needle and dilutes the contents of the
syringe. Autoclave syringes and needles in the
pan of disinfectant.

18. Use separate pans of disinfectant for
disposable and nondisposable syringes and
needles to eliminate a sorting probiem in the
service area.

16. Do not discard syringes and needles
into pans containing pipeties or other glass-
ware that must be sorted out from the
syringes and needles.

C. Opening Culture Plates, Tubes, Bottles,
and Ampoules

1. Plates, tubes and bottles of fungi may
release spores in large numbers when opened.
Such cultures should be manipulated in a
Biological Safety Cabinet (6, 15).

2. In the ahsence of definite accidents or
obvious spillage, it is not certain that open-
ing of plates, tubes and bottles of other
microorganisms has caused laboratory infec-
tion. However, it is probable that among the
highly infective agents, some infections have
occurred by this means and are represented
in the 80% for which no kngwn act or acel-
dent is ascribable (3).

3. Water of syneresis in petrt dish cultures
is usually infected and forms a film between
the rim and lid of the inverted plate. Aerosols
are dispersed when this film is broken by
opening the plate. Vented plastic petri dishes
where the lid touches the rim at only three
points are less likely to offer this hazard
(8,19).

4. The risk may also be minimized by us-
ing properly dried plates, but esven these
{(when incubated anaerobically) are likely to
be wet after removal from an anaerobic jar.

NOTICES

Pilter papers filted.into the lds reduce, but
do not prevent, dispersal. If plates are ob=-
viously wet they should be opened in the
Biological Safety Cabinet (8).

5. Less obvious is the release 0of aerosois
when screw-capped bottles or plugged tubes
are opened. This happens when a film of
infected liquid which may collect between
the rim and the liner is broken during re-
moval of the closure (8).

8. Dried, infected culture material may
wlso collect at or near the rim or neck of
crlture tubes and may be dispersed into the
air when disturbed (18). Contaliners of dry
powdered hazardous materials (e.g., Class 3
fungal agents ih the spore phase of growth)
should be opened only in a Biological Safeiy
Cabinet (6, 14).

7. When the neck of an ampoule contain-
ing liquid is broken after nicking with a ile,
the snapping action creates aerosols. The
iollowing methods have been recommended:

(i) After nicking the ampoule with a file,
wrap the ampoule in disinfectant-weticd
cotton before breaking. Wear- gloves (2).

{ii) The bottom of the ampoule should be
held in several layers of tissue paper to pro-
tect the hands, and a file mark made at the
neck. A hot glass rod should bhe carefully ap-
plied to the mark. The glass will crack, ailow-
ing air to enter the ampoule and equaiize the
pressures. After a few seconds the ampoule
should be wrapped in a few layers of tissue
and broken along the crack. The tissues and
ampoule neck can then be discarded into dis-
infectant, and the contents of the ampoule
removed with a syringe. If the ampoule con-
tains dried cultures, asbout 0.5 ¢cm3 of broth
should be added slowly to avoid blowing dried
material out. The contents may then he
mixed without bubbling and withdrawn inte
a culture tube (8).

(ili) The researcher uses an intenss, hHut
iiny, gas-oxygen flame and heats the tip of
the hard glass ampoule until the expanding
internal air pressure blows a bubble. After
allowing this to cool, he breaks the hubble
while holding it in a large low temperature
flame; this immediately incinerates any in-
fectious dust which may come from the
ampoule when the glass is broken (16). Pre-
liminary practice with a simulant ampoule of
the same type actually in use is necessary to
develop a technique that will not cause ez-
plosion of the ampoule.

(Iv) A simple device has been recom-
mended consisting of a sleeve of rubber tub-
ing into which the ampoule Is inserted hefore
it is broken (17, 18).

D. Centrifuging

L. A safety centrifuge cabinet or safety
centrifuge cup (3, 7, 8, 14, 22) may be used
to house or safeguard all centrifuging of in-
fectious substances., When bench type cen-
trifuges are used in a Blological Safety Cabi-
net, the glove panel should be in place with
the glove ports covered. The centrifuge opera-
tion creates air currents that may cause
escape of agent from an open cabinet (2, 3,
4,13).

2. In some situations, In the ahsence of
O-ring cap sealed trunnion cups, specimens
can be enclosed in sealed plastic bags before
centrifugation (12).

3. Before centrifuging, inspect tubes for
cracks, Inspect the inside of the trunnion cup
for rough walls caused by erosion or adhering
matter, and carefully remove bits of glass
from the rubber cushion (4, 10).

4. A germicidal solution shouid be added
hetween the tube and trunnion cup to disin-
fect the materials In case of accidential
breakage. This practice also provides an ex-
cellent cushion against shocks that might
otherwise break the tube (4, 10),

5. Avoid decanting centrifuge tubes. If you

must do so, afterwards wipe off the outer rim ,

with a disinfectant; otherwise the infectinus
fluid will spin off as an aerosol (4, 10).

8. Avoid filling the tube to the point thal
the rim, cap or cotton plug ever becomes wei
with culture (4, 10). .

7. Screw caps, or caps which fit over the
rim outside the centrifuge tube are safer than
plug-in closures. Some fluid usually collects
between a plug-in closure and the rim of the
tube. EBven screw-capped bottles are not
without risk, however; if the rim is soiled
some fluid will escape dowmn the outside of
vne tube, Screw-capped bottles may jam in
thie Hhucket, and removing them is hazardons
Propping such bottles higher in the bucket-
with additional rubber buffers is mechani-

" eally unsound (8).

8. Kitchen foil is often used to cap centri-
Toge tubes, This creates more risk than the
serew cap. Foil caps often become detachedd
1y handling and centrifuging (8).

9. The balancing of buckets is often mijs-
maanged. Care must be taken to emsure that
matched sets of trunnions, buckets and
plastic inserts do not become mixed. I{ the
components are not inscribed with their
weights by the manufacturer, colored stains
<an be applied to avoid confusion. When the
tubes are balanced, the buckets, trunnions
and inserts should be included in the pro-
cedure; and care must be taken to ensure
that the centers of gravity of the tubes are
equidistant from the axis of rotation. Ta
Hiustrate the importance of this, two identi-
2al tubes containing 20 g of mercury and 20 g
of water respectively will balance perfecily on
rhe scales; but their performance in motion
is totally different, leading to violent vibra-
tion with all its attendant hazards (5).

10. Fill and open centrifuge tubes or trun-
nion cups in a Biological Safety Cabinet 10)
E. High-Speed Cenirifuges (22)

1. In high-speed centrifuges the bowl is
connected to a vacuum pump. If there Is a
breakage or accidental dispersion of infected
particles the pump and the oil in it will be-
come contaminated. A high efiiciency filter
should he placed belween the centrifuge and
the pump (8).

2. High speed rotor heads are prone to
metal fatigue, and where there is a chance
that they may be used on more than one
machine each rotor should be accompanied
by its own log book indicating the number
of hours run at top or de-rated speeds, Fail~
ure to observe this precaution can result in
dangerous and expensive disintegration. Fre~
quent inspection, cleaning and drying are
important to ensure absence of corrosion or
other traumata which may lead to creeping
cracks. Rubber O-rings and tube closures
must be examined for deterioration and be
kept lubricated with the material recom-
mended by the makers. Where tubes of dif-
ferent materials are provided (e.g., celluloid,
polypropylene, stainless steel), care must be
taken that the tube closures designed spe-
cifically for the type of tube in use are em-~
ployed. These caps are often similar in ap-
pearance, but are prone to leakage if ap-
plied to tubes of the wrong material. When
properly designed tubes and rotors are well
maintained and handled, leaking shouid
never occur (B5).

3. Cleaning and disinfection of tubes. vo-
tors and other components requires consid-
erable care. It is unfortunate that no single
process 18 suitable for all items, and the vari-
ous manufacturers’ recommendations must
be followed meticulously if fatigue, distor-
tlon and corrosion are to be avoided. This is
not the place to catalogue recommended
methods, but one less well appreciated fact is
worthy of mention. Celluloid (cellulose ni-
trate) centrifuge tubes are not only highly
inflammable and prone to shrinkage with
sge and distortion on boiling, but can he=
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have as high explosive in an autoclave (5).
Large-scale zonal centrifugation requires
special attention (11).

F. Blenders, Ultrasonic Disintegrators, Col-
loid Mills, Ball Mills, Jet Mills, Grinders,
Mortar and Pestle.

All these devices release considerable aero-
s0ls during their operation. For maximum
protection to the operator during the blend-
ing of infectious materials, the following
practices should be observed:

1, Operate blending and cell-disruption
and grinding equipment in a Biological Safe-
ty Cabinet (9).

2. Use safety blenders designed to prevent
leakage from the rotor bearing at the bottom
of the bowl (9).

3. In the absence of a leak-proof rotor, in-
spect the rotor bearing at the bottom of the
blender bowl for leakage prior to operation.
Test it in a preliminary run with sterile
saline or methylene blue solution prior to use
with infected material (9).

4. Sterilize the device and residual in-
fectious contents promptly after use. Use a
towel moistened with disinfectant over the
top of the blender (9).

5. Glass blender bowls are undesirable for
use with infectious material because of po-
tential breakage. If used, they should be
covered with a polypropylene jar to prevent
dispersal of glass (8).

6. A new machine, the Colworth Stomacker
(England), in which material is homogenized
in a plastic bag in a closed container, would
appear to be safer than some of the other
blenders (8).

7. A heat-sealed flexible plastic.film en-
closure for a grinder or blender can be used,
but it must be opened in a Biological Safety
Cabinet (7).

8. Blender bowls sometimes require supple-
mental cooling to prevent destruction of the
bearings and to minimize thermal efforts on
the product (7).

9. Before opening the safety blender bowl,
permit the blender to rest for at least one
minute to allow settling of the aerosol cloud.

10. Clinical or other laboratories handling
human blood should be aware of the aerosols
produced by the microhaematocrit centri-
fuge, the autoanalyzer stirrer, and the mi-
crotonometer, inasmuch as it seems that
airborne transmission of infectious hepatitis
may occur in the laboratory (20).

G. Miscellaneous Precautions and Recom-
mendations

1. Water baths and Warburg baths used to
inactive, incubate, or test infectious sub-
stances should contain a disinfectant. For
cold water baths, 70% propylene glycol is
recommended (4, 10).

2. Deepfreeze, liquid nitrogen, and dry ice
chests and refrigerators should be checked
and cleaned out periodically to remove any

broken ampoules, tubes, etc., containing in- .
fectious material, and decontaminated. Use.

rubber gloves and respiratory protection dur-
ing this cleaning. All infetious or toxic
material stored in refrigerators or deepfreezes
should be properly labelled. Security meas-
ures should be commensurate with the haz-
ards (4, 10, 21).

3. Freeze-dried culture ampoules should
always be opened in a Biological Safety Cabi-
net. The ampoule should be wrapped in a
disinfectant-soaked swab before breaking it
open to minimize the risk of cutting the
hands, and to a lesser extent of releasing
aerosol of dried material. Whenever possible,
ampoules should be filled with dry nitrogen
after freeze-drying, thus avoiding implosion
that may occur during the sealing as well
as opening of evacuated ampoules. The whole

process of freeze-drying itself should be per-
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formed in a Biological Safety Cabinet. Filtra-
tion of the effluent air from the vacuum
pump is desirable either up (preferably). or
down stream of the pump (5).

4. Ensure that all virulent fluid cultures
or viable powdered infectious materials in
glass vessels are transported, incubated, and
stored in easily handled, nonbreakable leak-
proof containers that are large enough to
contain all the fluid or powder in case of
leakage or breakage of the glass vessel (4, 10}.

5. All inoculated petri plates or other
inoculated solid media should be transported
and incubated in leak-proof pans or leak-
proof containers (4, 10).

6. Care must be exercised in the use of
membrane filters to obtain sterile filtrates
of infectious materials. Because of the fragil-
ity of the membrane and other factors, such
filtrates cannot be handled as noninfectious
until culture or other tests have proved their
sterility (4, 10).

7. Shaking machines should be examined
carefully for potential breakage of flasks or
other containers being shaken. Screw capped
durable plastic or heavy walled glass flasks
should be used. These should be securely
fastened to the shaker platform. An addi-
tional precaution would be to enclose the
flask in a plastic bag with or without an
absorbent material.

3. No person should work alone on an
extremely hazardous operation (4, 10).

IV. PERSONAL HYGIENE, HABITS, AND PRACTICES

Personal hygienjc practices in the labora-
tory are directed, in most part, toward the
prevention of occupationally acquired phys-
ical injury or disease. To a less obvious
extent, they can raise the quality of the
laboratory work by reducing the possibilities
for contamination of experimental materials.
The reasons for many of the recommended
precautions and practices are obvious, but;
in some instances, amplification will permit
a better review of the applicability to any
one specific laboratory.

Cousequently, what might be forbidden
in one laboratory might be only discouraged
in another, and be permissible in a third.
Nevertheless, adherence to safe practices that
become habitual, even when seemingly not
essential, provides a margin of safety in sit-
uations where the hazard is unrecognized.
The history of occupational injury is re-
plete with examples of hazards unrecognized
until too late. The following guidelines, rec-
ommendations, and comments are presented
with this in mind:

1. Food, candy, gum, and beverages for
human consumption will be stored and con-
sumed only outside the laboratory (5, 10).

2. Foot-operated drinking fountains
should be the sole source of water for drink-
ing by human occupants of the laboratory
(27).

3. Smoking is not permitted in the lab-
oratory or animal quarters. Cigarettes, pipes,
and tobacco will be kept only in clean areas
(5, 10, 26). ’

4. Shaving and brushing of teeth are not
permitted in the laboratory. Razors, tooth-
brushes, toiletry supplies, and cosmetics are
permissible only in clean change rooms or
other clean areas, and should never be used
until after showering or thorough washing
of the face and hands (27).

5. A beard may be undesirable in the lab-
oratory in the presence of actual or potential
airborne contamination, because it retains
particulate contamination more persistently
than clean-shaven skin. A clean-shaven face
is essential to the adequate facial fit of a
face mask or respirator when the work re-
quires respiratory protection (10, 27, 31).

6. Develop the habit of keeping hands
away from mouth, nose, eyes, face, and hair.
This may prevent self-inoculation (10, 27).
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7. For product protection, persons with
long hair should wear a suitable hair net
or head cover that can be decontaminated.
This has long been a requirements in hos-
pital operating rooms and in the manufac-
ture of biological pharmaceutical products.
A head cover also will protect the hair from
fluid splashes, from swinging into Bunsen
Adames and petri dishes, and will reduce
facial contamination caused by habitual re-
petitive manual adjustment of the hair (5).

8. Long-flowing hair and loose-flapping
clothing are dangerous in the presence of
open flame or moving machinery. Rings and
wrist watches also are a mechanical hazard
during operation of some types of machines
{6, 109 .

9. Contact lenses do not provide eye pro-
tection. The capillary space between the con-
tact lenses and the cornea may trap any ma-
terial present on the surface of the eye. Caus-
tic chemicals trapped in this space cannot
be washed off the surface of the cornea. If
the material in the eye is painful or the con-
tact lens is displaced. muscle spasms will
make it very difficult, if not impossible, to
remove the lens. For this reason, contact
lenses must not be worn by persons exposed
to caustic chemicals unless safety glasses'
with side shields, goggles, or plastic face
masks are also worn to provide full protec-
tion. It is the responsibility of supervisors to
identify employees who wear contact lenses
(25, 26) .

10. Personal items., such as coats, hats,
storm rubbers or overshoes, umbrellas, purses,
etc.. do not belong in the laboratory. These
articles should be kept elsewhere (25).

II. Plants, cut flowers, an aquarium, and
pets of any kind are undesirable sources of
veast, molds, and other potential microbial
contaminants of biological experimental ma-
terials (25).

12. Books and journals returnable to the
institutional library should be used only in
the clean areas as much as possible (10, 27).

13. When change rooms with showers are
provided, the employer should furnish skin
lotion (27).

14. When employees are subject to potential
occupational infection, the shower and/or
face/hand-washing facilities should be pro-
vided with germicidal soap (8, 27).

15. Personal cloth handkerchiefs should not
be used in the laboratory. Cleansing tissue
should be avalilable instead.

16. Hand washing for personal protection:

(i) This should be done promptly after re-
moving protective gloves. Tests show it is not
unusual for microbial or chemical contami-
nation to be present despite use of gloves,
due to unrecognized small holes, abrasions,
tears, or entry at the wrist.

(i) Throughout the day, at intervals dic-
tated by the nature of the work, the hands
should be washed. Presence of a wrist watch
discourages adequate washing of the wrist
(10, 25).

(111} Hands should be washed after remov-
ing soiled protective clothing, before leaving
laboratory area, before eating, and before
smoking. The provision of hand cream by the
employer encourages these practices (5, 8,
10).

(iv) A disinfectant wash or dip may be de-
sirable in some cases, but its use must not
be carried to the point of causing roughen-
ing, desiccation or sensitization of the skin.

17. Anyone with a fresh or healing cut,
abrasion, or skin lesion should not work
with infective material unless the injured
area is completely protected (8, 25).

18. Persons vaccinated for smallpox may be
shedders of vaccinia virus during the phase
of cutaneous reaction. Therefore, vaccination
requires permission of the appropriate super-
visor, because two weeks’ absence may be
necessary before returning to work with
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normal cell cultures or with susceptible ani-
mals, especially the normal mouse colony
{25). !

19. The surgeon’s mask of gauze or filter
paper is of little value for personal respira-
tory protection (29). It is designed to pre-
vent escape of droplets from the nose or
mouth (23G). If biohazards demand respira-
. tory protection, then nothing but a full face
respirator or ventilated hood will suffice. A
half-mask respirator does not protect the
eyes, which are an unevaluated avenue of in-
fection through the conjunctiva and the
nasolacrimal duct (5, 8).

20. Nonspecific contamination by environ-
mental organisms from humans, animals,
equipment, containers for specimens or sup-
plies, and outside air is a complication that
may affect or invalidate the results of an
experiment. The human sources of this con-
tamination are evaluated as follows:

(i) Sneezing, coughing and talking (234,
24A). Sneezing, variously reported to gen-
erate as many 32,000 or 1,000,000 droplets be~
low 100 microns in diameter; coughing, which
produces fewer and larger droplets; and
talking, which has been reported to average
only 250 droplets when speaking 100 words,
show great differences between persons in
regard to the number of microorganisms
aerosolized. As a general rule, it may be said
that these actions by normal healthy per-
sons may play a less important role in trans-

mission or airborne infection to humans or -’

experimental materials than does liberation
of microorganisms from human skin.

(i1) Dispersal of bacteria from human skin.
There 1s a tremendous variation in the num-
ber of bacterla shed from the skin by a
clothed subject. For instance, in one study,
the number varied from 6,000 to 60,000 per
minute (23C). These bacteria were released
on skin scales which were of a size that
could penetrate the coarse fabric used for the
laboratory and surgical clothing in the test
(23D). Dispersal of skin bacteria was several
times greater from below the waist than from
upper parts of the body (24D). Effective re-
duction is accomplished by use of closely-
woven or impervious clothing fitted tightly
at the neck, wrists, and ankles to prevent the
clothing from acting as a bellows that dis-
perses ailr carrying skin scales laden with
bacteria (23B). Such clothing sometimes
is too warm to work in. It was found that a
significant reduction in dispersal of bacteria
occurred with the wearing of close-fitting
and closely-woven underpants beneath the
usual laboratory clothing {23D). The purpose
of this summary is to alert laboratory per-
sonnel to the existence of this source of con-
tamination (9). '

(ili) Prolific dispersal of bacteria occurs
from infected abrasions, small pustles, boils,
and skin disease (23F, 24B). Washing the le-
sions with germicidal soap will greatly de-
crease the number of organisms on the skin
and dispersal into the air. Healthy nasal car-
riers who generate aerosolized staphylococ-
ci usually can be identified by the presence
of heavy contamination of their fingers, face,
and hair (23E). This point may be useful
in investigating the source of staphylococcal
contamination of cell lines.

(lv) Footwear. In moderate and high risk
situations, shoes reserved for only laboratory
use have been recommended as a precaution
against transporting spilled infectious agents
outside the laboratory. However, in experi-
ments during which reduction of potential
contamination of experimental materials is
important, laboratory-only shoes can reduce
the microbial load brought into the labora-
tory each day by street shoes. Shoes are ef-
ficient transporters. In one study, there were
4 to 850 times as many bacteria per square
centimeter on the laboratory footwear as on

the floor itself (30).
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V. CARE AND USE OF LABORATORY ANIMALS
(10,32-37)

A. Care and Handling

1. Special attention must be given to the
humane treatment of all laboratory animals
in accordance with the Animal Welfare Act
of 1970. The implementing rules and regula-
tions appear in the Code of Federal Regula-
tions (CFR) Title 9, Chapter 1, Subchapter
A, parts 1, 2, 3. Recommended provisions and
practices that meet the requirements of the
Act have been published by the U.S. Public
Health Service (32).

2. _There are specific minimum require-
ments (33) concerning the caging, feeding,
watering, and sanitation. for dogs, cats,
guinea pigs, hamsters, rabbits, and non-
human primates. To meet these require-
ments, the animal room supervisor must
have a copy of 9 CFR Chapter 1, Subchapter
A, Parts 1, 2, 3.

3. Each laboratory should establish pro-
cedures to ensure the use of animals that
are free of disease prejudicial to the proposed
experiments and free from carriers of dis-
ease or vectors, such as ectoparasites, which
endanger other experimental animals or per-
sonnel (10).

B. Cages Housing Injected Animals (10)

1. Careful handling procedures should be
employed to minimize the dissemination of
dust from cage refuse and animals.

2. Cages should be sterilized by autoclav-
ing. Refuse, bowls and watering devices
should remain in the cage during steriliza-
tion.

3. All watering devices should be of the
“non-drip” type.

4. Cages should be examined each morning
and at each feeding time so that dead ani-
mals can be removed.

5. Heavy gloves should be worfi when feed-
ing, watering, handling, or removing infected
animals. Bare hands should NEVER be placed
in the cage to move any object therein.

6. When animals are to be injected with
biohazardous material, the animal caretaker
should wear protective gloves and the labora-
tory workers should wear surgeons gloves.
Animals should be properly restrained to
avoid accidents that might result in dissemi-
nating biohazardous material, as well as to
prevent injury to the animal and to person-
nel.

7. Animals exposed to bichazardous aero-
sols should be housed in ventilated cages, in
gas-tight cabinet systems, or in rooms de-
signed for protection of personnel by use of
ventilated suits.

8. Animals inoculated by means other than
by aerosols should be housed in equipment
suitable for the level of risk involved.

9. Infected animals to be transferred be-
tween buildings sirould be placed in venti-
lated cages or other aerosol-proof containers.

10. The oversize canine teeth of large mon-
keys present a particular biting hazard; these
are imiportant in the potential transmission
of naturally-occurring, and very dangerous,
monkey virus infections. Such teeth should
he blunted or surgically removed by a veteri-
narian.

11. Presently avallable epidemiological evi-
dence indicates that infectious hepatitis may
be transmitted from nonhuman primates
(typically chimpanzees) to man. Newly im-
ported animals may be naturally infected
with this disease, and persons in close con-
tact with such animals may become infected.
After six months residence in this country,
chimpanzees apparently no longer transmit
the disease. A record should be maintained
for each newly imported animal. A sign
should be posted at rooms housing these ani-
mals to warn that the animals are poten-
tially infectious.

C. General Guidelines that Apply to Animal
Room Maintenance (10)

1. Doors to animal rooms should be kept
closed at all times except for necessary en-
trance and exit.

2. Unauthorized persons should not be per-
mitted to enter animal rooms.

3. A container of disinfectant should be
kept in each animal room for disinfecting
gloves and hands, and for general decontam-
ination, even though no infectious animals
are present. Hands, floors, walls, and cage
racks should be washed with an approved
disinfectant at the recommended strength as
frequently as the supervisor directs.

4. Floor drains in animal rooms, as well
as floor drains throughout the building
should be flooded with water or dininfectant
periodically to prevent backup of sewer gases.

5. Shavings or other refuse on floors
should not be washed down the floor drain
because such refuse clogs the sewer lines.

6. An insect and rodent control program
should be maintained in all animal rooms
and in animal food storage areas.

7. Special care should be taken to prevent
live animals, especially mice, from finding
their way into disposable trash.

D. Necropsy Rules for Infected Animals (10)

1. Necropsy of infected animals should be
carried_out by trained personnel in Biological
Safety Cabinets with the hinged glass panel
down. The glove port panel with or without
attached gloves, and a respirator should be
used at the discretion of the supervisor.

2. Surgeons gowns should be worn over
laboratory clothing during necropsies.

3. Rubber gloves should be worn when
performing necropsies.

4. The fur of the animal should be wetted
with a suitable disinfectant.

5. Small animals should be pinned down
or fastened on wood or metal in a metal tray.

6. Upon completion of necropsy, all po-
tentially biohazardous material should be
placed in suitable containers and sterilized
immediately.

7. Contaminated instruments should be
placed in a horizontal bath containing a suit-
able disinfectant.

8. The inside of the Biological Safety Cab-
inets and other potentially contaminated
surfaces should be disinfected with a suit-
able germicide.

9. Grossly contaminated rubber gloves
should be cleaned in disinfectant before re-
moval from the hands, preparatory to sterili-
zation.

10. Dead animals should be placed in
proper leak-proof containers, autoclaved and
properly tagged before being placed outside
for removal and incineration.

VI, DECONTAMINATION AND DISPOSAL
(7, 10, 383-42)
A. Introduction .

Available date o the efficacy of various
decontaminants for etiologic agents indicate
that no major surprises will be forthcoming
regarding the susceptibility of organisms
containing recombinant DNA molecules. In
the absence of adequate information, tests to
determine the efficacy of candidate decon-
taminants should be conducted with the
specific agent of interest. The goal of de-

contamination is not only the protection of
personnel and the environment from ex-
posure to infectious agents, but also the
prevention of contamination of experimental
materials by a variable, persistent, and un-
wanted background of microorganisms, This
additional factor should be considered in
selectlng decontamination materials and
methods.
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B. Decontamination Methods

Physical and chemical means of decontam-
ination fall into four main categories: Heat;
Liguid Decontaminants; Vapors and Gases;
and UV Radiation.

1. Heat. The application or heat, either
moist or dry, is recommended as the most
effective method of sterilization. Steam at
121 C under pressure in the autoclave is the
most convenient method of rapidly achiev-
ing sterility. Dry heat at 160 to 170 C for
periods to 2 to 4 hours is suitable for
destruction of viable agents on impermeable
nonorganic material such as glass, but is not
reliable in even shallow layers of organic or
inorganic material that can act as insulation.
Incineration is another use of heat in the
decontamination of microorganisms and also
serves as an efficient means for disposal.

2. Liquid Decontaminants. In general, the
liquid decotaminants find their most prac-
tical use in surface decontamination and, at
sufficient concentration, as decontaminants
of liquid wastes for final disposal In sanitary
sewer systems.

There are many misconceptions concerning
the use of liquid decontaminants. This is
due largely to a characteristic capacity of
such liquids to perform dramatically in the
test tube and to fail miserably in a practical
situation. Such failures often occur because
proper consideration was not given to such
factors as temperature, time of contact, pH.
concentration, and the presence and state of
dispersion, penetrability and reactivity of
organic material at the site of application.
Small variations in the above factors may
make large differences in effectiveness of de-
contamination. For this reason, even when
used under highly favorable conditions, com-
plete reliance should not be placed on liquid
decontanimants when the end result must
be sterility. .

There are many liquid decontaminants
available under a wide variety of trade names.
In general, these can be categorized as halo-
gens, acids or alkalies, heavy metal salts,
quaternary ammonium compounds, phenolic
compounds, aldehydes, ketons, alcohols and
amines. Unfortunately, the more active the
decontaminant the more likely it is that the
decontaminant will possess undesirable char-
acteristics, such as the possession of corrosive
propertie. None is equally useful or effective
under all conditions.

3. Vapors and Gases. A variety of vapors
and gases possess decontamination properties.
The most useful of these are formaldehyde
and ethylene oxide. When these can be em-
ployed in closed systems and under controlled
conditions of temperature and humidity, ex-
cellent decontamination can result. Vapor
and gas decontaminants are primarily useful
in decontaminating: (i) Biological Safety
Cabinets and associated effluent air-handling
systems and air filters; (ii) bulky or station-
ary equipment that resists penetration by
liquid surface decontaminants; (iii) instru-
ments and optics that might be damaged
by other decontamination methods; and (iv}
rooms and buildings and associated airhan-
dling systems.

4. Radiation. The usefulness of ultraviolet
(UV) irradiation as a decontaminant is lim-
ited by its low penetrating power. No infor-
mation is available regarding the effective-
ness of UV irradiation for decontaminating
nmicroorganisms containing recombinant DNA
molecules., Dependence on UV must be based
on the results of experiments imitating par-
ticular anticipated environmental conditions
and applications. Ultraviolet light is gen-
erally of limited application and is primarily
useful in air locks and animal holding areas
for controlling low levels of airborne con-
taminants.

No one procedure or material will solve
all decontamination problems. The ounly

FEDERAL REGISTER, VOL. 41, NO. 131-—WEDNESDAY, JULY

NOTICES

method of assuring the efficacy of seiected
methodologies is to critically examine the
results obtained in practical tests with the
microorganism(s) of interest.

C. Laboratory Spills

A troublesome problem that may occur
in the laboratory is the decontamination of
an overt biological spill. The occurence of a
spill poses less of a problem if it occurs
in a Biclogical Safety Cabinet provided splat-
tering to the outside of the cabinet does
not occur. Direct application of concentrated
liquid decontaminant and a thorough wipe
down of the internal surfaces of such cab-
inetry will usually be effective for decon-
taminating the work ozne but gaseous de-
contaminants would be required to rid the
interior sections of the cabinet of contam-
inants, Bach researcher must realize that
in the event of an overt accident, research
materials such as tissue cultures, media. and
animals within such cabinets may well he
iost to the experiment.

The greater problem arises if the incident
cccurs in the open laboratory. All laboratory
iprotocols should be designed to prevent such
cecurrences. The first action in the event
of an overt laboratory spill is evacuation of
thz affected area to minimize the exposure
of personnel involved. Next, the spill area
must be isolated to prevent exposure of per-
sonnel and experimental materials beyond
those involved in the immediate area of the
spill. The procedures adopted must be rap-
idly effective and must not create additional
aerosol or foster mechanical transfer of ma-
terials to unaffected areas. Personnel carry-
ing out the procedures must be provided
with protective clothing and equipment, in-
cluding respiratory protection. Consideration
must be given to the safe disposal of all ma-
terials and liguids resulting from cleanup
procedures. Reentry of personnel to the area
should be avoided until it can be reasonably
established that the area has been effectively
idecontaminated. Further specific details are
provided in Section VIIL

D. Disposal

Decontamination and disposal in infec-
tious disease laboratories are closely interre-
lated acts in which decontamination con-
stitutes the introductory phase of disposal.
All materials and equipment used in re-
search on recombinant DNA molecules will
ultimately be disposed of; however, in the
sense of daily use, only a portion of these
will require actual removal from the lab-
oratory complex or on-site destruction. The
remainder will be recycled for use either
within the same laboratory or in other lab-
oratories that may or may not engage in DNA
recombinant research. Examples of the latter
that immediately come to mind are: re-
usable laboratory glassware, instruments
used in necropsy of infected animals, and
laboratory clothing. Disposal should there-
fore be interpreted in the broadest sense of
the word, rather than in the restrictive sense
of dealing solely with a destructive process.

The principal questions to be answered
prior to disposal of any objects or materials
from laboratories dealing with potentially
infectious microorganisms or animal tissues
are:

1. Have the objects or materials been ef-
fectively decontaminated by an approved
procedure?

2, If not, have the objects or materials
been packaged in an approved manner for
immediate on-site incineration or transfer
to another laboratory?

3. Does disposal of the decontaminated
objects or materlals involve any additional
potential hazards, biological or otherwise, to
personnel either:

(1) Those carrying out the immediate dis-
posal procedures or
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(ii) Those who might come into contact
with the objects or materials outside the
laboratory complex?

Laboratory materials requiring disposal
will normally occur as liquid, solid, and ani-
mal room wastes. The volume of these can
become a major problem when there is the
requirement that all wastes be decontami-
nated prior to disposal. It is most evident
that a significant portion of this problem
can be eliminated if the kinds of materials
initially entering the laboratory are reduced
In any case, and wherever possible, materiali
not essential to the research should be re«
tained in the nonresearch. areas for dis-
posal by conventional methods. Examples are
the packaging materials in which goods are
delivered, disposable carton-cages for trans-
port of animals, and large carboys or tanks
of fluids which can be left outside and drawn
from as required. Reduction of this bulk will
free autoclaves and other decontamination
and disposal processes within the laboratory
for the more rapid and efficient handling of
materials known to be contaminated.

Inevitably, disposal of materials raises the
question, “How can we be sure that the
materials have been treated adequately to
assure that their disposal does not constitute
a hazard?” In the small laboratory, the prob-
lem is often solved by requiring that each
investigator decontaminate all contaminated
materials not of immediate use at the end
of each day and place them in suitable con-
tainers for routine disposal. In larger lab-
oratories where the mass of materials for
disposal becomes much greater and sterili-
zation and decontamination bottlenecks
occur, materials handling and disposal will
likely be the chore of personnel not engaged ;
in the actual research. In either situation,
a case can be made for establishing-a posi-
tive method of designating the state of mate-
rials to be disposed of. This may consist of a
tagging system stating that the materials
are either sterile or contaminated.

Disposal of materials from the laboratory
and animal holding areas will be required for
research projects ranging in size from an in-
dividual researcher to those involving large
numbers of researchers of many disciplines,
Procedures and facilities to accomplish this
will range from the simplest to the most
elaborate. The primary consideration in any
of these is to dispel the notion that labora-
tory wastes can be disposed of in the same
manner and with as little thought as house-
hold wastes. Selection and enforcement of
safe procedures for disposal of laboratory
materials are of no less importance than the
consideration given to any other methodol-
ogy for the accomplishment of research ob-
jectives.

Materials of dissimilar nature will be
common in laboratorles studying recombi-
nant DNA molecules. Examples are combi-
nations of common flammable solvents,
chemical carcinogens, radioactive isotopes,
and concentrated viruses or nucleic acids.
These may require input from a number of
disciplines in arriving at the most practical
approach for their decontamination.

E. Characteristics of Chemical Decontami-
nants in Common Use in Laboratory
Operations

Every person actively working with viable
microorganisms, no matter how remote the
fleld of specialization, will, from time to
time, find it necessary to decontaminate by
chemical methods work areas and materials,
equipment, and specialized instruments.
Chemical decontamination is necessary be-
cause the use of pressurized steam, the most
rapid and reliable method of sterilization,
is not normally feasible for decontaminating
large spaces, surfaces, and stationary equip-
ment. Moreover, high temperatures and
moisture often damage delicate instruments,
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particularly those having complex optical
and electronic components.

Chemicals with decontaminant properties
are, for the most part, available as powders,
crystals, and liquid concentrates. These may
be added to tap water for application as sur-
face decontaminants, and some, when added
in sufficient quantity, find use as decontam-
inants of bulk liquid wastes. Chemical de-
contaminants that are gaseous at room tem-
peratures are useful as space-penetrating de-
contaminants. Others become gases at rea-
sonably elevated temperatures and can act
as either aqueous surface or gaseous space-
penetrating decontaminants:

Inactivation of microorganisms by chemi-
cal decontaminants may occur in one or more
of the following ways:

1. Coagulation and denaturation of protein.

2. Lysis.

3. Binding to enzymes, or inactivation of an
essential enzyme by either oxidation, bind-
ing, or destruction of enzyme substrate.

The relative resistance to the action of chemi-
cal decontaminants can be substantially al-
tered by such factors as: concentration of ac-
tive ingredient, duration of contact, pH, tem-
perature, humidity, and presence of extrinsic
organic matter. Depending upon how these
factors are manipulated, the degree of suc-
cess achieved with chemical decontaminants
may range from minimal inactivation of tar-
get microorganisms to an indicated sterility
within the limits of sensitivity of the assay
systems employed.

There are dozens of decontaminants availa-
ble under a wide variety of trade names. In
general, these decontaminants can be classi-
fied as halogens, acids or alkalies, heavy metal
salts, quaternary ammonium compounds,
phenolic compounds, aldehydes, ketones, al-
cohols, and amines. Unfortunately, the more
active the decontaminant the more likely it
will possess undesirable characteristics, For
-example, peracetic acid is a fast-acting, uni-
versal decontaminant. However, in the con-
centrated state it is a hazardous compound
that can readily decompose with explosive
violence. When diluted for use, it has a short
half-life, produces strong, pungent, irritating
odors, and is extremely corrosive to metals.
Nevertheless, it Is such an outstanding de-
contaminant that it is commeonly used in
germ-free animal studies despite these un-
desirable characteristics.

The halogens are probably the second most
active group of decontaminants. Chlorine,
iodine, bromine, and fluorine will rapidly kill
bacterial spores, viruses, rickettsiae, and
fuhgi. These decontaminants are effective
over a wide range of temperatures. In fact,
chlorine has been shown to be effective at
—~40 F. (On the other hand, phenols and
formaldehyde have high temperature coef-
ficients). The halogens have several undesira-
ble features. They readily combine with pro-
tein, so that an excess of the halogen must
be used if proteins are present. Also, the halo-
gens are relatively unstable so that fresh
solutions must be prepared at frequent in-
tervals. Finally, the halogens corrode metals.
A number of manufacturers of decontami-
nants have treated the halogens to remove
some of the undesirable features. For exam-
ple, sodium hypochlorite reacts with p-tolu-
enesulfonamide to form Chloramine T, and
iodine reacts with certain surface-active
agents to form the popular iodophors. These
‘“tamed” halogens are stable, non-toxic, odor-
less, and relatively noncorrosive to metals.
However, the halogens are highly reactive
elements, and, because they are reactive they
are good germicides. When a halogen acts
as a decontaminant, free halogen is the ef-
fective agent. Rising the pH or combining
the halogen with other compounds to de-
crease the corrosive effect will also decrease
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the germicidal power. A trade-off situation
oceurs.

Ineffectiveness of a decontaminant is due
primarily to the failure of the decontaminant
to contact the microorganisms rather than
failure of the decontaminant to act. If one
places an item in a liquid decontaminant, one
can see that the item is covered with tiny
bubbles. Of course, the area under the
bubbles is dry, and microorganisms in these
dry areas will not be affected by the decon-
taminant. Also, if there are spots of grease,
rust or dirt on the object, microorganisms
under these protective coatings will not be
contacted by the decontaminant. Scrubbing
an item when immersed in a decontaminant
is helpful, and a decontaminant should have,
and most do have, incorporated surface-
active agents.

F. Properties of Some Common Decontam-
inants

1. Alcohol. Ethyl or isopropyl alcohol in a
concentration of 70-85% by weight is often
used. Alcohols denature proteins .and are
somewhat slow in their germicidal action.
However, they are effective decontaminants
against lipid-containing viruses.

2. Ether and Chloroform. These compounds
are not ordinarily used as decontaminants,
but they do demonstrate the fact that lipid-
containing viruses are inactivated by these
organic solvents, whereas non-lipid-contain-
ing viruses are quite resistant.

3. Formaldehyde. Formaldehyde for use as
a decontaminant is usually marketed as a
solution of about 37% concentration referred
to as formalin or as a solid polymerized com-
pound called paraformaldehyde. Formalde-
hyde in a concentration of 5% active in-
gredient is an effective liquid decontaminant.
It loses considerable activity at refrigeration
temperatures and the pungent, irritating
odors make formaldehyde solutions difficult
to use in the laboratory. Formaldehyde vapor
generated from formaldehyde solution is an
effective space decontaminant for decontam-
inating rooms or buildings, but in the vapor
state with water it tends to polymerize out
on surfaces to form paraformaldehyde, which
Is persistent and unpleasant. Formaldehyde
gas can be liberated by heating paraformalde-
hyde to depolymerize it. In the absence of
high moisture content in the air, formalde-
hyde released In the gaseous state forms less
polymerized residues on surfaces and less
time is required to elear treated areas of
fumes than formaldehyde released in the
vapor state.

4. Phenol. Phenol itself is not often used
as a decontaminant. The odor is somewhat
unpleasant and a sticky, gummy residue re-
mains on treated surfaces. This Is especially
true during steam sterilization. Although
phenol itself may not be in widespread use,
phenol homologs and phienollc compounds
are basic to a number of popular decontam-
inants. The phenolic compounds are effective
decontaminants against some viruses, ric-
kettsiae, fungi and vegetative bacteria. The
phenolics are not effective in ordinary usage
against bacterial spores.

5. Quaternary Ammonium Compounds or
Quats. After 30 years of testing and use, there
is still a considerable controversy about the
efficacy of the Quats as decontaminants.
These cationic detergents are strongly sur-
face-active and are effective against lipid-
containing viruses. The Quats will attach to
protein so that dilute solutions of Quats
will quickly lose effectiveness in the presence
of proteins. The Quats tend to clump micro-
organisms and are neutralized by anionic de-
tergents, such as soap. The Quats have the
advantages of being nontoxie, odorless, non-
staining, noncorrosive to metals, stable, and

inexpensive.
8. Chlorine. This halogen 15 a universal
decontaminant active agalnst all micro-

£
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organisms, Including bacterial spores. Chlo-
rine combines with protein and rapidly de-
creases in concentration in its presence. Free,
available chlorine is an active element. It
is a strong oxidizing agent, corrosive to
metals. Chlorine solutions will gradually iose
strength so that fresh solutions must be pre-
pared frequently. Sodium hypochlorite is
usually used as a base for chlorine decon-
taminants. An excellent decontaminant can
be prepared from household or laundry
bleach. These bleaches usually contain 5.25
percent available chlorine or 52,500 ppm. If
one dilutes them to 1 to 100, the solution will
contain 525 ppm of available chlorine, and,
if a nonionic detergent such as Naccanol is
added in a concentration of about 0.7 per-
cent, a very good decontaminant is created.

7. Iodine. The characteristics of chlorine
and iodine are similar. One of the most popu-
lar groups of decontaminants used in the
laboratory is the iodophors, and Wescodyne
1s perhaps the most popular. The range of
dilution of Wescodyne recommended by the
manufacturer is 1 oz. in 5 gal. of water giving
25 ppm of available iodine to 3 oz. in 5 gal.
giving 775 ppm. At 75 ppm, the concentra-
tion of free iodine is .0075 percent. This small
amount can be rapidly taken up by any ex-
traneous protein present. Clean surfaces or
clear water can be effectively treated by 75
ppm available lodine, but difficulties may be
experienced if any appreciable amount of
protein is present. For bacterial spores, a
dilution of 1 to 40 giving 750 ppm is recom-
mended by the manufacturer. For washing
the hands, it is recommended that Wesco-
dyne be diluted 1 to 10 or 10% in 50< ethyl
alcohol (a reasonably good decontaminant
itself) which will give 1,600 ppm_of avail-
able lodine, at which concentration rela-~
tively rapid inactivation ef any and all mi-
croorganisms will occur.

G. Vapors and Gases

The use of formaldehyde as a vapor or gas
has already been discussed. Other chemical
decontaminants which have been used this
way included ethylene oxide, peracetic acid,
beta-propiclactone (BPL), methy! bromide,
and ethylene amine. When these can be used
in closed systems and under controiled con-
ditions of temperature and humidity, ex-
cellent decontamination can be obtained.
Residues from ethylene oxide must be re-
moved by aeration; but otherwise it is con-
venient to use, versatile, and noncorrosive.
Peracetic acld is corrosive for meétals and
rubber. BPL in the vapor form acts rapidly
against bacteria, rickettsiae, and viruses. It
has a half-life of 3.5 hours when mixed with
water, is easily neutralized with water, and
lends itself to removal by aeration. The Na-
tional Institutes of Health does not recom-
mend BPL as a decontaminant because it
has been identified as a suspect carcinogen.

H. Residual Action of Decontaminants

As noted in the preceding discussion of
decontaminant properties, many of the
chemical decontaminants often have residual
properties that may be considered a desirable
feature in terms of aiding in the control of
background contamination. One is cau-
tioned, however, to consider residual prop-
erties carefully. Ethylene oxide used to
sterilize laboratory shoes can leave residues
which cause skin irritation. Animal cell cul-
tures, as well as viruses of interest, are also
inhibited or inactivated by the decontami-
nants persisting after routine cleaning pro-
cedures. Therefore, reusable items that are
routinely held in liquid decontaminant prior
to autoclaving and cleaning should receive
particular attention in rinse cycles. Sim-
ilarly, during general area decontamination
with gases or vapors, it may be necessary
to protect new and used clean items by re-
moving them from the area or by enclosing
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them in gastight bags or by insuring ade-
quate aeration following decontamination.

1. Selecting Chemical Decontaminants for
Research on Recombinant DNA Mole-
cuies

No single chemical decontaminant or
method will be effective or practical for all
situations in which decontamination is re-
quired. Selection of chemical decontaminants
and procedures must be preceded by prac-
tical consideration of the purposes for the
decontamination and the interacting factors
that will ultimately determine how that pur-
pose is to be achieved. Selection of any given
procedure will be influenced by the informa-
tion derived from answers to the following
questions:

1. What is the target microorganism(s) ?

2. What decontaminants in what form are
known to, or can be expected to, inactivate
the target microorganisms(s)?

3. What degree of inactivation is required?

4. In what menstruum is the microorga-
nism suspended; i.e., simple or complex, on
solid or porous surfaces, and/or airborne?

5. What is the highest concentration of
cells anticipated to be encountered? ~

6. Can the decontaminant either as an
aqueous solution, a vapor, or a gas reason-
ably be expected to contact the microorgan-
isms, and can effective duration of contact
be maintained?

7. What restrictions apply with respect te
compatibility of materials?

8. Does the anticipated use situation re-
quire immediate availability of an effective
concentration of the decontaminant or will
sufficient time be available for preparation of
the working concentration shortly before its
anticipated use?

The primary target of decontamination in
the infectious disease laboratory is the mi-
croorganism under active investigation,
Laboratory preparations or infectious agents
usually have titers grossly in excess of those
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normally observed in nature. The decontam-
ination of these high-titer materials presents
certain problems. Maintenance systems for
bacteria or viruses are specifically selected to
preserve viability of the agent. Agar, protei-
naceous nutrients, and cellular materials can
be extremely effective in physically retarding
or chemically binding active moieties of
chemical decontaminants. Such interferences
with the desired action of decontaminants
may require the use of decontaminant con-
centrations and contact times in excess of
those shown to be effective in the test tube.
Similarly, a major portion of decontaminant
contact time required to achieve a given level
of agent inactivation may be expended in
inactivating a relatively small number of the
more resistant members of the population.
The current state of the art provides little
information on which to predict the prob-
abie virulence of these survivors. These prob-
lems are, however, common o all potentially
pathogenic agents and must always be con-
sidered in selecting decontaminants and
procedures for their use.

Microorganisms exhibit a range of resist-
ance to chemical decontaminants. In terms
of practical decontamination, most vegeta-
tive bacteria. fungi and lipid-containing
viruses, are relatively susceptible to chemical
decontamination. The non-lipid-containing
viruses and bacteria with a waxy coating
such as tubercle bacillus occupy a mid-range
of resistance. Spore forms are the most
resistant.

A decontaminant selected on the basis of
its effectiveness against microorganisms on
any range of the resistance scale will be ef-
fective against microorganisms lower on the
scale. Therefore, if decontaminants that ef-
fectively control spore forms are selected for
routine laboratory decontamination, it can
be assumed that any other microorganisms
generated by laboratory operations, even in
high concentrations, would also be inacti-
vated.
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An additional area that must be consid-
ered and for which there is litile definitive
information available is the “inactivation”
of nucleic acid. Nucleic acids often have bet-
ter survival characteristics under adverse
conditions than do the intact virions and
cells from which they were derived. Strong
oxidizers, strong acids and bases, and eifher
gaseous or aqueous formaldehyde should re-
act readily with nucleic acids. Their ability
to destroy the nucleic acid heing studied,
however, should be confirmed in the experi-
menter’s laboratory. Because of innate dif-
ferences in the chemistry of RNA and DNA
the effectiveness of a decontaminant for one
cannot be extrapolated to the other. For
example, RNA molecules are susceptible to
mild alkaline hydrolysis by virtue of the free
nydroxyl group in the 2’ position, whereas
DNA molecules are not susceptible to mild
alkaline hydrolysis.

Table II summarizes pertinent characteris-
tics and potential applications for several
categories of chemical decontaminants most
likely to be used in the biological laboratory.
Practical concentrations and contact times
that may differ markedly from the recom-
mendations of manufacturers of proprietary
products are suggested. It has been assumed
that microorganisms will be afforded a high
degree of potential protection by organic
menstruums. It has not been assumed that

' sterile state will result from application

of the indicated concentrations and contact
times. It should be emphasized that these
data are- only indicative of efficacy under
artificial test conditions. The efficacy of any
of the decontaminants should be conclus-
sively determined by individual investiga-
tors. It is readily evident that each of the
decontaminants has a range of advantages
and disadvantages as well as a range of
potential for inactivation of a diverse micro-
flora. Equally evident is the need for com-
promise as an alternative to maintalning &
veritable “drug store” of decontaminants.
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VIIL. HOUSEKEEPING
A. Introduction

Well-defined housekeeping procedures and
schedules are essential in reducing the risks
of working with etiologic agents and in pro-
tecting the integrity of the research program.
This is particularly true in the biological
laboratory operating under less than total
containment concepts and in all areas used

for the housing of animals, whether or not
they have been intentionally infected. A well-
conceived and well-executed housekeeping
program limits physical clutter that could
distract the attention and interfere with the
activities of laboratory personnel at a critical
moment in a potentially hazardous proce-
dure, provides a work area that will not in
itself be a source of physical injury or con-
tamination, and provides an area that pro-

motes the efficient use of decontaminants in
the event of the inadvertent reiease of a
harmful agent. Less immediately evident are
the benefits of establishing, among person-
nel of widely varying levels of education, an
appreciation of the nature and sources of
biological contamination.

Housekeeping is an omnibus term that can
be interpreted as broadly or as narrowly as
one chooses. It can be seen that many of the
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procedures found under special headings,
such as decontamination, disposal, and ani-
mal care, are, in reality, specific instructions
for safely accomplishing otherwise routine
housekeeping chores. In these safety sug-
gestions for research on recombinant DNA
molecules, it has been elected to address
specifically only tasks of a janitorial nature
under the subject of housekeeping.

The objectives of housekeeping in the bio-
logical laboratory are to:

1. Provide an orderly work area conducive
to the accomplishment of the research pro-
gram.

2. Provide work areas devoid of physical
hazards.

3. Provide a clean work area with back-
ground contamination ideally held to a zero
level but more realistically to a level such
that extraordinary measures in sterile tech-
niques are not required to maintain integrity
of the biological systems being researched.

4. Prevent the accumulation of materials
from current and past experiments that con-
stitute a hazard to laboratory personnel.

5. Prevent the creation of aerosols of haz-
ardous materials as a result of the house-
keeping procedures used.

Procedures developed in the area of house-
keeping should be based on the highest level
of risk to which the personnel and integrity
of the experiments will be subject. Such an
approach avoids the confusion of multiple
practices and retraining of personnel. The
primary function, then, of routine house-
keeping procedures is to prevent the ac-
cumulation of organic debris that (i) may
harbor microorganisms that are a potential
threat to the integrity of the biological sys-
tems under investigation, (ii) may enhance
the survival of microorganisms inadvert-
ently released in experimental procedures,
(1i1) may retard penetration of decontamin-
ants, (iv) may be transferable from one
area to another on clothing and shoes, (V)
may, with sufficent buildup, become a bio-
hazard as a consequence of secondary aero-
solization by personnel and air movement,
and (vi) may cause allergenic sensitization
of personnel, e.g., to animal danders.

Housekeeping in animal care units has
the same primary function as that stated
for the laboratory and should, in addition,
be as meticulously carried out in quarantine
and conditioning areas as in areas used to
house experimentally infected animals. No
other areas in the laboratory have the con-
stant potential for creation of significant
quantities of contaminated organic debris
than do animal care facilities.

In all laboratories, efforts to achieve total
decontamination and to conduct a major
cleanup of the biological complex are nor-
nally -~undertaken at relatively long time
intervals. Routine housekeeping must be
relied on to provide a work area free of sig-
nificant sources of background contamina-
tion. The provision of such a work area is
not simply a matter of indicating in a gen-
eral way what has to be done, who will do
it, and how often. The supervisor must view
each task critically in terms of the poten-
tial biohazard involved, decide on a detailed
procedure for its accomplishment, and pro-
vide instructions to laboratory personnel in a
manner that minimizes the opportunity for
misunderstanding.

The following checklist outlines a portion
of the items requiring critical review by the
laboratory supervisor. It is not intended to
be complete but is presented as an example
of the detailed manner in which housekeep-
ing in the biological laboratory complex

must be viewed.’

Administration Areas
Alsles

Animal Food Storage
Animal Bedding Storage

NOTICES

Biological Safety Cabinets
Bench Tops and Other Work Surfaces
Ceilings

Change Rooms

Cleaning Solution Disposal
Cages and Cage Racks

Dry Ice Chests

Deep Freeze Chests

Entry and Exit Ways
Equipment Storage

Floors

Glassware

General Laboratory Equipment Cleanup
Hallways

Incubators

Instruments

Insect and Rodent Control
Light Fixtures

Mechanical Equipment Areas
Mops

Pipes—Wall and Ceiling Hung
Refrigerators

Showers

Supply Storage

UV Lamps

Vacuum Cleaners

Waste Accumulations

Waste Water Disposal

Others

Housekeeping in the laboratory is one of
the avenues that leads to accomplishing the
research program safely. It is important that
housekeeping tasks be assigned to personnel
who are knowledgeable of the research pro-
gram and special hazards of the research
environment. The recommended approach
to housekeeping is the assignment of house-
keeping tasks to the research teams on an
individual basis for their immediate work
areas and on a cooperative basis for areas
of common usage. Similarly, animal care-
taker personnel should be responsible for
housekeeping in animal care areas. The labo-
ratory supervisor must determine the
frequency with which the indlvidual and
cooperative housekeeping chores need be ac-
complished. He should provide schedules and
perform frequent inspection to assure com-
pliance. This approach assures that research
work flow patterns will not be interrupted by
an alien cleanup crew, delicate laboratory
equipment will be handled only by those
most knowledgeable of its particular require-
ments, and the location of concentrated bio-
logical preparations and contaminated equip-
ment used in their preparation and applics -
tion-will be known.

B. Floor Care

Avoidance of dry sweeping and dusting will
reduce the formation of nonspecific environ-
mental aerosols, Wet mopping or vacuum
cleaning with a high-efficiency particulate air
(HEPA) filter on the exhaust is recom-
mended.

Careful consideration must be given to de-
sign and quality in the selection of cleaning
equipment and materials and In their use
to prevent the substitution of one hazard for
another.

In the absence of overt hazardous spills,
the cleaning process commonly will consist
of an initial vacuuming to remove all gross
particulate matter and a follow-up wet mop-
ping with a solution of chemical decontami-
nant containing a detergent. Depending on
the nature of the surfaces to be cleaned and
availability of floor drains, removal of resid-
ual cleaning solutions can be accomplished
by a number of methods. Among these are:
pickup with a partially dry mop, pickup with
a wet vacuum that has an adequately filtered
exhaust, or removal to a convenient floor
drain by use of a floor squeegee.

After cleaning up a spill of infected ma-
terial, the residual solution should not be
discharged to a sanitary sewer until it has

been autoclaved or given further chemical
treatment, such as by the addition of sedium
hypochlorite sufficient to provide a final con-
centration of 500 ppm chlorine. Most house-
hold bleaches are marketed with a chlorine
content of 5.25%. These in a final dilution
of 1:100, yield 525 ppm of available chiorine.
After allowing a contact time of 15 minutes,
these solutions may be flushed down any
available drain. Chlorine solutions in these
high concentrations may be too corrosive for
general application to floers and equipment.
In any event, if solutions are used in this
way, after the contact time the area should
be rinsed with water.

C. Dry Sweeping

While it is recommended that dry sweeping
be minimized, this. may be the only method
available or practicable under certain cir-
cumstances. In such cases, sweeping ecom-
pounds used with push brooms and dry-dust
mop heads treated to suppress aerosolization
of dust should be used.

Sweeping compounds available from the
usual janitorial supply firms fall in three
categories:

Wax-based compounds used on vinyl floors
and waxed floor coverings.

Qil-based compounds fdor concrete floors.

Oil-based compounds with abrasives (such
as sand) to achleve a dry scouring action
where much soil is present.

Dry-dust mop heads can be purchased as
treated disposable units or as reusable,
washable heads that must be treated with
appropriate sprays or by other means to im-
prove their dust-capturing property.

D. Vacuum Cleaning

In the absence of a HEPA filter on the
exhaust, the usual wet and dry industrial-
type vacuum cleaner {s a potent aerosol gen-
erator. The HEPA-filtered exhaust used in
conjunction with a well-sealed vacuum unit,
however, can negate this factor because of its
ability to pass large volumes of exhaust air
while retaining particles with a minimum
efficiency of 99.97%. Wet and dry units in-
corporating a HEPA filter on the exhaust
are available from a number of manufac-
turers.

There are no particular requirements with
respect to the manner in which the dry
vacuuming is accomplished other than to
emphasize that the objective is to remove all
debris and particulate matter. The manu-
facturer’s directions adequately detail the
frequency of bag changes, filter changes,
and mechanical adjustments.

Dry material vacuum-collected during
these floor-cleaning activities is potentially
contaminated, but the nature of the risk
is probably greater to the experiment than
to the experimenter. It is wise to effect bag
and filter changes and to clean out collec-
tion tanks in a manner that will avold or
minimize aerosolizing the contents of the
vacuum cleaner.

A vacuum machine that collects debris in
a disposable bag is preferable to machines
that collect the major debris in a tank and
on an exposed primary filter.-Even though
it may serve as a primary filter, the dispos-
able bag must be removed with caution. A
bellows effect may pump dust out of the bag
if its intake opening is not sealed before
moving it to a plastic bag for transfer out
of the area. In any event, the outer surface of
the disposable bag will probably bear some
dust contamination, which also may occur
on inner surfaces of the machine.

To avoid contaminating experimental ma-
terials, the emptying of vacuum collection
tanks and changing of bags and fllters are
best done away from the immediate labora-
tory area, for example, in a small area that
can be easily cleaned afterwards. The use
of heavy rubber gloves is recommended when
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removing wastes from tanks in case broken
glass is present. After making the Aflter
changes, all external surfaces of the im-
mediate work area and the equipment should
be wiped with & cloth moistened in decon-
taminant. The operator might plan for a
change of laboratory clothing afterwards so
as to minimize carrying contamination into
other areas of the laboratory.

Avoid use of dry vacuum cleaning equip-
ment in work with high risk agents in the
open laboratory. Should it be necessary to
use it, it is recommended that gaseous
sterilization be used to minimize aerosoli-
zation of microorganisms before waste is
emptied from the vacuum container. Be-
cause complete penetration of sterilizing
gases into the collected dry dust may be a
problem, all wastes should be placed in a
plastic bag, which then is tightly closed and
incinerated or disposed of in an approved
manner.

When dry vacuum cleaning equipment has
been used within a gastight safety cabinet
system, it can be treated in an attached
double-door carboxyclave (an autoclave
equipped with an ethylene oxide gas sterili-
zation system) to allow for removal and
emptying of the collection tank.

If a wet vacuum is to be used for pickup
of the detergent-germicide solution from the
floor, the manufacturer’s recommendations
on filter life should be followed. In addition,
the operation of the vacuum should be
closely observed for evidence of operating
changing indicating restricted airflow or,
conversely, increased flow indicating filter
failure. Liquids collected in the vacuum
cleaner after floor mopping will contain de-
contaminant material. These liquids may be
poured down a convenient floor drain, eX-
cept in the case of cleanup wastes from an
overt spill. The collected liguid should then
pe autoclaved or treated with chlorine solu-
tion before disposal.

Provisions should be made for regular de-
contamination of the entire vacuum cleaner
with formaldehyde gas or vapor, or ethylene
oxide. This should. be done after use if the
vacuum is used in any manner for cleanup
of overt spills of infectious material.

E. Selection of a Cleaning Solution

The selection of a detergent-decontam-
inant combination for routine cleaning of
the laboratory complex should be based on
the requirements of the area of greatest po-
tential for contamination by the widest
spectrum of microorganisms. With rare ex-
ception, this will be identified as the animal
holding area and the expected microorga-
nisms. With rare exception, this will be iden-
tified as the animal holding area and the
expected microorganisms may well include
fungi, viruses, and the vegetative and spore
forms of bacteria. A decontaminating solu-
tion for such a range of microorganisms
would, however, be expensive and excessively
corrosive for routine -use. Except in those rare
instances where it can be assumed that path-
ogenic spores are being. shed by laboratory
animals, the risks from the spores are more
likely to affect the experiments than the
personnel. The spores tend to be associated
with organic debris from bedding and food,
thus offering potential for removal or at
least a large initial reduction in their num-
bers by vacuum cleaning. A wide range of
cleaning solutions that are mildly sporicidal,
reasonably residual, and are not destructive
to the physical plant are available. Phenol
derivatives in combination with a deter-
gent have these characteristics and have been
selected for routine use in a number of
research facilities. ‘There are numerous de-
tergent-phenollic combinations available on
the market. The phenols are one type of a
broad spectrum of blocidal substances that
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includes the mercurials, Quaternary am-
monium compounds, chloride compounds,
iodophores, alcohols, formaldehyde, glutar-
aldehyde, and combinations of alcohol with
either iodine or formaldehyde. These have
been discussed in Section VI.

The laboratory supervisor should make a
selection from those types most readily avail-
able which meet the general criteria of
effectiveness, residual properties, and low
corrosiveness.

F. Wet_ Mopping—Two-Bucket Method

Wet mopping of floors in laboratory and
animal care areas is, from a safety stand-
point, most conveniently and efficiently ac-
complished using a two-bucket svstem. The
principal feature of such a system is that
fresh detergent-decontaminant solution is
always applied to the floor from one bucket,
while all spent cleaning solution wrung from
the mop is collected in the second bucket.
Compact dolly-mounted double-bucket units
with foot-operated wringers are available
from most janitorial supply houses. A freshly
laundered mop. head of the cotton string
type should be used daily. This requires that
a mcp with removablie head be provided as
opposed to a fixed-head type. In practice,
the mop is saturated with fresh solution,
yery lightly wrung into the second bucket
and applied to the floor using a figure eight
motion of the mop head. After every four
or five strokes, the mop head is turned over
and the process continued until an area of
approximately 100 ft? has been covered. After
allowing a contact time of five minutes, the
solution is removed with either a wet vacuum
cleaner with HEPA-filtered exhaust or with
the wrung-out.mop. The mopping is con-
tinued in 100 ft? increments until the total
floor area has been covered. Floor-cleaning
procedures are most effectively completed
after the majority of the work force has
departed and should progress from areas of
least potential contamination to those of
greatest potential. Before a mop head is sent
to a laundry, it should be autoclaved. Spent
cleaning fluids are disposed of by flushing
down the drain.

If the cleanup follows an overt spill of
infectious material, the spent cleaning so-
lution, after removal from the floor, should
pe autoclaved or treated with chlorine solu-
tion. Chlorine (as household bleach) should
be added to give 500 ppm and held for a con-
tact time of 15 minutes before dumping in
the sanitary sewer.

G. Altermative Floor Cleaning Method for
Animal Care Areas and Areas with Mono-

lithic Floors

The absence of permanently placed labora-
tory benches and fixed equipment, coupled
with the mobility of modern cage racks,
makes possible alternate floor-cleaning pro-
cedures in animal care facilities. As in all
considerations of methodologies in biomedi-
cal laboratory facilities, it is necessary to
assess the compatibility of procedures and
facilities from the hazard point of view. The
alternative floor-cleaning procedure to be
discussed requires that floors are completely
sealed or of monolithic construction so that
liquid leakage to adjacent areas does not
occur and that floor drains or wet vacuum
cleaners are available.

Subsequent to the removal of all debris by
dry vacuum, move the cage racks to one side
of the room. Cover the floor of the remaining
cleared portion of the room with detergent-
decontaminant solution applied at a rate of
approximately one gallon per 144 ft? from a
one-gallon tank sprayer, using a setting of
the nozzle which will cause the solution to
flow on and not create a spray. The nozzle i8
placed close to the floor. Allow a fifteen-
minute contact period; then push the clean-
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ing solution to the floor drain with a large
floor squeegee or pick it up with a wet
vacuum. Allow the flow to air dry; move the
cage racks into the cleaned area, and repeat
the process for the remaining floor area.
Floor drains in these areas should be rim-
flush, at least six inches in diameter, and
fitted with a screen or porous trap bucket to
catch large debris that escapes the initial
dry cleaning. Such screens and baskets
should be emptied after treatment with a
decontaminant. If space utilization does not
require frequent floor washdown, pour a
half-gallon of detergent-decontaminant so-
lution into the drain each week to keep the
trap in the waste line filled against backup
of sewer gases.

VIII. CLEAN=UP OF BIOHAZARDOUS SPILLS

(8,9, 10}

A. Biohazards Spill in a Biological Safety
Cabinet

Chemical decontamination procedures

should be initiated at once while the cabinet
continues to'operate to prevent escape of
contaminants from the cabinet. :

1. Spray or wipe walls, work surfaces, and
equipment with a 2% solution of an jodo-
phor-decontaminant (Wescodyne or equiva-
lent). A decontaminant detergent has the
advantage of detergent activity, which s im-
portant because extraneous organic sub-
stances frequently interfere with the reac-
tion between the microorganisms and the
active agent of the decontaminant. Operator
should wear gloves during this procedure.

2. Flood the top work surface tray, and, if a
Class II cabinet, the drain pans and catch
basins below the work surface, with a de-
contaminant and allow to stand 10-15
minutes. :

3. Remove excess decontaminant from the
tray by wiping with a sponge or cloth soaked
in a decontaminant. For Class II cabinets,
drain the tray into the cabinet base, 1ift out
tray and removable exhaust grille work, and
wipe off top and bottom (underside) surfaces
with a sponge or cloth soaked in a decon-
tamiant. Then replace in position and drain
decontaminant from cabinet base into ap-
propriate container and autoeclave according
to . standard procedures. Gloves, cloth or
sponge should be discarded in an autoclave
pan and autoclaved.

B. Biohazard Spill
Safety Cabinet

1. Hold your breath, leave the room im-
mediately, and close the door.

2. Warn others not to enter the contami-
nated area.

3. Remove and put into a conjainer con-
taminated garments for sautoclaving and
thoroughly wash hands and face.

4. Wait 30 minutes to allow dissipation
of aerosols created by the spill.

5. Put on a long-sleeve gown, mask, and
rubber gloves before reentering the rcom.
For a high risk agent, a jumpsuit with tight-
fitting wrists and use of a respirator should
be considered).

6. Pour a decontaminant solution (5%
iodophor or 5% hypochlorite are recom-
mended) around the spill and allow to flow
into the spill. Paper towels soaked with the
decontaminant may be used to cover the
area. To minimize aerosolization, avoid
pouring the decontaminant solution directly
onto the spill.

7. Let stand 20 minutes to allow an ade-
quate contact time.

8. Using an autoclavable dust pan and
squeegee, transfer all contaminated mate-
rials (paper towels, glass, liquid, gloves, etc.}
into a deep autoclave pan. Cover the pan
with aluminum foil or other suitable cover
and autoclave according to standard direc-
tions.

Outside a Biological
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9. The dust pan and squeegee should be
placed in an sautoclavable bag and auto-
claved according to standard directions.
Contact of reusable items with non auto-
clavable plastic bags should be avoided—
separation of the plastic after autoclaving
can be very difficult.

C. Radioactive Biohazard Spill Outside a
Biological Safety Cabinet

In the event that a biohazardous spill also
involves a radiation hazard, the clean-up
procedure may have to be modified, depend-
ing on an evaluation of the risk assessment
of relative Diological and radiological
hazard.

Laboratories handling radicactive sub-
stances must have the services of a desig-
nated radiation protection officer available
for consultation. )

The following procedure indicates sug-
gested variations from the biohazard spill
procedure (above) that should be considered
when a radioactive biohazard spill occurs
outside a Biological Safety Cabinet.*

1. Holding your breath, leave the room
immediately and close the door.

2. Warn others not to enter the contami-
nated area.

3. Remove and put in a container con-
taminated garments for autoclaving and
thoroughly wash hands and face.

4. Walt thirty minutes to allow dissipation
of aerosols created by the spill.

*Before clean-up procedures begin, a radia-
tion protection officer should survey the spill
for external radiation hazard to determine

’ the relative degree of risk.

5. Put on a long-sleeve gown, mask, and
rubber gloves before reentering the room.
(For a high risk agent, a jumpsuit with tight-
fitting sleeves and a respirator should be
considered).

6. Pour a decontaminant solution (5%
lodophor or 5% hypochlorite are recom-
mended) around the spill and allow to flow
into the spill. Paper towels soaked with the
decontaminant may be used to cover the
area. To minimize aerosolization, avoid pour-
ing the decontaminant solution directly onto
the spill.

7. Let stand 20 minutes to allow adequate
disinfectant contact time.

8. *In most cases, the spill will involve
uC or *H, which present no externel hazard.
However, if more energetic beta or gamma
emitters are involved, care must be taken
to prevent hand and body radiation ez-
posure. The radiation protection officer must
make this determination before the clean-up
operation is begun.

If the radiation protection officer approves,
the blohazard-handling procedure may be-
gin: Using an autoclavable dust pan and
squeegee, transfer all contaminated mate~
rials (paper towels, glass, liquid, gloves, etc.)
into a deep autoclave pan. Cover the pan with
aluminum foil or other suitable cover and
autoclave according to standard directions.

*If the radiation protection officer deter-
mines that radioactive vapors may be released
and thereby contaminate the autoclave, the
material must not be autoclaved. In that
case, sufficient decontaminant solution to
immerse the contents should be added to the
waste container. The cover should. be sealed
with waterproof tape, and the container
stored and handled for disposal as radioactive

—_—
*Changes in procedures have been starred
and underlined. )

waste. Radioactive and biohazard warning
symbols should be afized to the waste con-
tainer. As a general rule, autoclaving should
be avoided.

9. If autoclaving has been approved, the
dust pan and squeegee should be placed in
an autoclavable bag and autoclaved accord-
ing to standard directions. Contact of re-
usable items with plastic bags should be
avoided—separation of the plastic after auto-
claving can be very difficult.

*4 final radioactive survey should be made
of the spill area, dust pan, and squeegee with
a Geiger counter, or a smear should be taken
and counted in a liquid scintillation counter.

IX. A SECONDARY REESERVOIR AND FILTRATION
APPARATUS FOR VACUUM SYSTEMS

The aspiration of tissue culture media from
monolayer cultures and of supernatants from
centrifuged samples into collection vessels or
reservoirs is a common procedure in many
laboratories. To prevent the accidental con-
tamination by aerosols or fluids of house vac-
uum systems or laboratory pumps, some in-

‘vestigators have installed side arm flasks

containing cotton, suifuric acid or decontam-
inant between the reservoir and the vacuum
line. Cotton is not completely effective as a
filtering agent, sulfuric acid will corrode
pipes, and decontaminants may lose their
inactivating ability upon standing. The in-
troduction of a cartridge-type filter that is
moisture resistant and has a rated capacity
to remove particles 350 nm (0.35u}) or larger
in size prévides an effective barrier to virus
aerosols.

The secondary reservoir and filtration ap-
paratus can be assembled from readily avail-
able units as shown in Figure 1. A length of
plastic tubing !4 inch I.D. X ¢ Inch wall
is attached at one end of the reservoir and at
the other end to the lower arm of a filtration
and media storage flask. These flasks vary in
capacity from 250 to 4000 ml, the choice of
flask depending on available space and
amount of fluid that could be accidentally
aspirated. A second tube of the same di-
mensions is attached from the upper arm of
the flask to the inlet port of the disposable
filter assembly. The third tube is attached
from the filter assembly to a vacuum source.
The tubes are securely held to the filter by
fittings supplied with the filter and the
other tubing connections can be secured by
worm drive hose clamps. :

Ideally the flask should be placed higher
than the reservoir of collection vessel. If duid
is accidentally drawn into the flask, the lig~
uid can drain back into the reservoir by
gravity if the connection at the vacuum line
is broken. This prevents the loss of fAuid
which the Investigator needs to retain.

Should the flask be used only for the re-
covery and storage of waste fluids, then the
addition of a few grams of Dow Corning
Antifoam A to the flask will reduce violens
foaming of flulds aspirated into it. Such flu-
ids can be decontaminated by introducing
into the reservoir a final 5% concentration
of an iodophor or other appropriste decon-
taminant, holding for 30 minutes and drain-
ing as above.

If the filter becomes contaminated or re-
quires changing, the filter and flask can be
safely removed by clamping the line between
filter and vacuum source. The filter and fask
should be autoclaved before the filter is dis-
carded. A new filter can then be installed and

the assembly replaced.
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L]
A SECONDARY RESERVOIR ANO FILTRATION APPARATUS

1 Tubing (%" T.D.x Y wall}

2 Filtrotton ond medha storoge flask (Belico, Vinelond
NJ Cot ¥605)

3 Disposoble filter ossembly (Uitipor DFA, Polt Trinily
Micro Corporation Union, N.J, Cotalog No. MBY20OIURAL

X. PACKAGING AND SHIPPING

A. Introduction

Federal regulations and carrier tariffs have
been promulgated to ensure the safe trans-
port of hazardous blological materials. The
NTH Guidelines specify that all DNA re-
combinant materials will be packaged and
shipped in containers that meet the require-
ments of these regulations and carrier tariffs.
In addition when any portion of the recom-
binant DNA material i3 derived from an
etiologic agent listed in paragraph (c) of 42
CFR 72.25 (which 1s included at the end of
this section, page D-85) the labeling require-
ments in these regulations and carrier tariffs
shall apply.

B. Packaging of Recombinant DN4 Materials

1. Volume less than 50 ml.

Material shall be placed in a securely
closed, watertight contalner [primary con-
tainer (test tube, vial, ete.) ] which shall be
enclosed in a second, durable watertight con-
talner (secondary container). Several primary
containers may be enclosed in a single sec-
ondary container, if the total volume of all
the primary containers so enclosed does not
exceed 50 ml. The space at the top, bottom,
and sides between the primary and secondary
containers shall contain sufficient non-
particulate absorbent material to absorb the
entire contents of the primary container(s)
in case of breakage or leakage. Each set of

Ta
—- Coilection Vessel

primary and secondary containers shall then
be enclosed In an outer shipping container
constructed of corrugated fiberboard, card-
board, wood, or other material of equivalent
strength.

1t dry ice is used as a refrigerant, it must
be placed outside the secondary container(s).

Descriptions of this packaging method are
given in Table IIL.

2. Volumes of 50 ml. or Greater.

Material shall be placed in a securely
closed, watertight container (primary con-
tainer) which shall be enclosed in a second,
durable watertight container (secondary
container). Single primary containers shall
not contain more than 500 ml. of material.
However, two or more primary containers
whose combined volumes do not exceed 500
ml. may be placed in a single secondary con-
tainer. The space at the top, bottom, and
sides between the primary and secondary
containers shall contain sufficient non-par-
ticulate absorbent material to absorb the en-
tire contents of the primary container(s) in
case of breakage or leakage. Each set of prim-
ary and secondary containers shall then be
enclosed in an outer shipping container con-
structed of corrugated fiberboard, cardboard,
wood, or other material of equivalent
strength. A shock absorbent material, In
volume at least equal to that of the absorbent
material between the primary and secondary
contalners, shall be placed at the top, bot-
tom, and sides between the secondary con-
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tainer and the outer shipping container. Not
more than eight secondary shipping con-
tainers may be enclosed in a single outer
shipping container. (The maximum amount
of materials which may be enclosed within
a single outer shipping container should not
exceed 4.000 mi.).

If dry ice is used as a refrigerant, it must
be placed outside the secondary container is).
If dry ice is used between the secondary con-
tainer and the outer shipping container, the
shock absorbent material shall be placed so
that the secondary container does not become
loose inside the outer shipping container as
the dry ice sublimates.

Descriptions of packages which compiy
with the regulations of the Department of
Transportation (DOT) are given in Table IV.

C. Labeling of Packages Containing Recom-
binant DNA Materials

1. Materials which do not contain any
portion of an etiologic agent listed in para~
graph (c) of 42 CFR 72.25.

Material data forms, letters, and other in-
formation identifying or describing the rate-
rial should be placed around the outside of
the secondary container. Place only the ad-
dress label on the outer shipping container.
DO NOT USE THE LABEL FOR ETIOLOGIC
AGENTS/BIOMEDICAL MATERIAL.

2. Materials which contain any portion of
an etiologic agent listed in paragraph (c) of
42 CFR 72.25.

Material data forms, letters, and other in-
formation identifying or describing the mate-
rial should be placed around the outside of
the secondary container. In addition to the

. address label, the label for Etiologic Agents/

Biomedical Material must be affixed to the
outer shipping container. This label is de-
scribed in paragraph (c) (4) of 42 CFR 72.25.

3. Materials which contain any portion of
a plant pest (plant pathogens) which are so
defined by the Department of ‘Agriculture
(USDA).

Material data forms, letters, and other
informatton identifying or describing the
material should be placed around the out-
side of the secondary contalner. In addition
to the address label, the shipping labels fur-
nished by the USDA as part of the General,
Courtesy, or Special Permits required for
research with and shipment of such agents
shall be affixed to the outer shipping con-
tainer.

D. Additional Shipping Requirements and
Limitations for Recombinant DNA
Materials

1. Domestic Transportation.

Civil Aeronautics Board Rule No. 82 (Alr
Transport Assoclation Restricted Articles Tar-
iff 6-D) requires that a Shipper’s Certificate,
depicted below, be completed and affixed to
all shipments which bear the ETIOLOGIC
AGENT/BIOMEDICAL MATERIALS label re-
quired under the provisions of the Interstate
Quarantine regulations [42 CFR Sectlon
72.25(c) ]. The Certificate must be completed
in duplicate and afixed to the outer ship-

ping contalner.
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This Is to certify that the contents of this consignment are properly classified. descrived by proper
shipping pame and are packed. marked and labelled and are in proper condition for carriage by air

sccording to all applicable carrier and government regulations,
*“and to the IATA Restricted Articles Regulutions™.)

[For international shipments add
"his consiznment is within the limitations

prescribed for: PASSENGER AIRCRAFTICARGO ONLY (cross ouf nonapplicableh

Number of Specify Each Article Sepurately g s Net Quantity
Packages {Proper Shipping Name) Classification per Package
ETIOLOGIC AGENT, n.o.s. ETIO. AG.
Shipper: Date

Shipments of recombinant DNA Materials
exceeding 50 ml in volume and containing
any portion of an etiologic agent listed in
paragraph (c) of 42 CFR 72.25 are restricted,
by DOT regulations, to transport by cargo
only aircraft. When the volume of a single
primary container exceeds the 50 ml! limita-
tlon, this restriction must be indicated on
the Shipper's Certificate by crossing out “"Pas-
senger Aircraft”.

When dry ice is used as a refrigerant an
“ORA-Group A-DRY ICE LABEL” should be
affixed to the outer shipping container, The
amount of dry ice used and the date packed
should be designated on the label.

2. International Transportation.

In addition to the packaging and laheling
requirements of the regulations previnusly
eited, international shipments of recombin-
ant DNA materials in which any portion of

Tasyr LI1.~—Deseviption of packages Jow wagteriad i volaite loss

Packing

Primary -ontainer

18 maximum. . Sealed vial(s) or small glass  Nouparticulate absorbent ma-
test tmbe, screw cap or terial at top, bottom, and
stopper, taped. sides that will completely

absord contents of the pri-

Seeondary cotiaier

Matal eair 1-in digmeter by

iSignature of Shipper]

the material is derived from an eticlogic
agent listed in paragraph (c) of 42 CFR
72.25 must have one or more of the follow-
ing documents--depending on the country
of destinavion:

(1) Parcel Post Customs Declaration (PS
2066) tag.

(2) Parcel Pust Customs Declaration (PS
2066-A) label.

(3) International Parcel Post~—Instruc-
tions Given by Sender (POD 2922) label.

(4) Dispatch note (POD 2972) tag.

(3) “Violet Label”.

13) Shipper’s Certificate specified in the
suirent International Atr Transport Associa-
tion Tariff,

Individual country requirements are listed
in “International Postage Rates and Fees”
{USPO Publication 51).

il 54U o,

Packing

Outer shipping containe

Fiberbody; metal serew <eap,
top and bettom; 114-in diam

Wone roquived

B or lasw. .

Do

NHo

Oue 20 by 160 mu test tubs,
taped stopper or multipla
small vials.?

Plastic screw cap Dotils o
Pyrex glass with skirt rub-
ber stopper.?

Multiple watertight vials or
tubeg, taped stoppers ?

mary coniainer(s).
sdol

wdo

do

7-in dimensjong ny . 0
vietal sevew eap. ater by 7-to 7}4-In outside di
nensions,
Maotal can 214-in diamsier by o . Fiberbody; metal sers
6li-in high outsids dimen top and hottom;
SIONS SCIaw 2ap, diameter hy T-to
. outside dimensions
oo, da Do,
Loar moro {tictiot-sead iin None required, but with the  Fiberboard nox

At 06 hy 4t or targer 3

308 by 40 cans or larger
cans use sufficient non-
particulate shock-absorbent

materisd to prevent rattling.

! If materials are to be refrigerated, it is recommended that an overpack be used to
contain the refrigerant and the secured (original) outer shipping container. A leak-
Proof outer contalner must be used for water ice. If dry ice is used the outer container
must permit release of carbon dioxide, Interior supports must be provided to hold
the container(s) in the original position(s) after wet or dry ice has dissipated.

1 The flexibility of the plastic bottle requires that a stopper or serew cap be secured
in place by adhesiva tape, The nsnal enuivalont-size glass flat-sided preseription

botiie is too Iragile for use, For air transport, all stoppers, corks, and caps on priwary
containers mnst be secursd in place with wire, tape, or other meauy, and all serew-
capped contaivers of unfrozen liquid must be placed in 5- or 6-mil polyvinyl tubing,
hieat sealed at both ends to prevent atmosphieric decomprossion that may result i
leakags past tha serew cap.

2610 by 708 and 804 by 208 ars trade designations for ontside dimensiony of 6104,

1 dtanieior by 784 ein height. and 84940 by Y4 1g-10.

FEDERAL REGISTER, VOL. 41, NO. 131—WEDNESDAY, JULY 7, 1976

[38]



27939

NOTICE3

w1 814y Ac 1)AUIBIP UI-9W3,9 JO SHOISUAULIP 3PISINO J0f SUOJIBUMSID OpEL) 0re 808 AqQ 08 DPUB 80, A9 010 ¢

-89 melos ey isued eBuxua uy 1[nsar L8 Jvy) vorssardmoodp suegdsormie juassid o1 £pus qioq 18
porees-jeeq Buiqny (Aurakjod jrua g 20 ¢ uy paowid eq 1snur PIbIY tazouN jo S19UTEIN0D peddes-malos

SUBST 10110 10 ‘odB) ‘Oxim U

'u] V148 £q uj v4g prs ‘1q3y ‘110dsten N8 10

1M 9081d U PAINOAS eq ST S1BUTBINGD Aretunrd 110 sdB0 pus ‘sqIod ‘sted
"ASTL 10J 9[1FI) 00) §1 8(1)0q uondunsard papis-1ny sse(S ez1s-yuAlRAIMDbY [ensn oq Y, "edv}
oA1satpe Aq 20rid Uy paundas oq ded malas 1o taddnis 8 e saumbax anijoq

jd 20y Jo ANtiarxeg aqy,

anys padey R0
$1 X0G pIROQpIBY B UE)
10N Ayl dog adel ] J
DI UL E M Jags padey
SHOISIP apIsino qig
u ler AQq W BT Aq

:w 21 X0Q PIROGPIRY ey "ot oomTee s op~~"°

-adey €894 PIM
ul-g s nys  padey
*SHOISUIWID APIIN0 YA
N oelpor Aq W Mgy Aq

ut Yol xoq pasogpIey Qe T Tt op--""-
o T premeenes op -
‘o -

-adey gg g oddy ur g uum
jngs pade) ‘suolsuatip
episinio Y3y 1w A1 Aq
uj 16 Aq Ul digh ‘edAy
€8d X0 pagoqpied Dy T Toottopt

nys s padey ‘sog
pedsy  ‘xoq  pisoqpivo WiR0I0IANS Oy Buny
J0 pisoqieqy pPelBdnuo) ABsopd  X0q  pIsoqlaclg

csintod

18 paddid 10 parepios doy

‘806 A 308 ‘uwd up) ees

R -uonapy [BE-g 018 Aq £09
:.....oc...::..t....,..::... 3...:. :au:tiwmaﬁr_oﬂ.cZ..,I :.!Il,... :n.....

gsiutod § 18 peddrip
a0 pasapios doy ‘06 £q FOR
U e AR Op~T C ‘uesd ul} [BeS-UONPOLYy [vAg T T STotoptoot

e e 21 S
gsjutod ¥
38 paddpo 10 paseplos doy
‘®0L A4 019 ‘UBd un 8IS
. -0y (es-1 8 30 0L Aq
TTopTTtt s TTTOPTTTTOHOF 4D i) [8es dumpo g foN - - CtteptT o
“pojudissIp sf et
£IDP 10 901 121RM BY} EW
Ioupsruoo Fuiddiys wino
91} OpISTl ©S00[ OUIoY
-3p 01 §30p  (S)1AU[e]
-0 AIBPU0S of[Y 181
paoBd oS 8q ([BYS [R1I9Y
SR UAGIOSqB  YO01S
e, “Teusiuod Suiddiys
133110 8y} PUB JAUIBIUOD
AWpU0ooes o1  wIsMm}
-3 $Ipis puB ‘moyjoq
‘doy ety 9w ‘(s)I0UIBINOD
Arepuods pus  Lisun
-1l ot} UM B 181 01
[ruha 1S8aT 18 AUIN0A UL
113181 JUAQIOSA R HI0T[S

“(5)Jouny
-uod Lwmud  egy jo

sjuRtueod qlosqy A@eid

117 918 W Pagid  -uiod {[1M JBY) SIPIS pus

-ads JOUITIU0D 19IN0 puB  ‘ur0310q ‘doy 1B [BLIMBW
JAUIEIUOD [BJIUE JO SISISUOD  JUIGIOSAB OyBjnaTiRduoN

“UOIPRIRSAT etz
S{O0YS X0 WIBOjO

pede) ‘ded ame1ds ‘yinom
epim  J0 molsu  ‘e[lioq
onseid pm-0pg Jo ‘pedsy
‘1addoas- 1IPHS-dqQTLE
‘ornoq ssBid a1k ju0pg CTvvC “oQ

vpadey ‘sapy

-10( ss8[3 X814 1o sep1r0q
dvd mesos onseld [m-0gg g - WMOIPXBW (09

v padey ‘1addols yeq

-qIL pays sseyd xo1L g 10

«inoq des melds ynow
nouwu opseld  [or-Qeg | T TWINOIIXIBW (G

1'podsy

‘ssm|3 X1 0 sapioq
ded maios onseid -1 7 T WINUXBWI 007

1'pade) ‘sse(d x01£ 1
0 e[pioq  ¥oPu  morsu .
ey meas opseid [W-Q0T 1 °° T wINUUYBW (0f

v padey ‘1eddols meqqna
S Jo teqquu lef1joq dvo
M2308 §s8{F X21K g J0 OTISBIJ T 001 01 19

JusIeBiNA1 INOYNM jueeduyal QUM

‘JuBIaB1IyR 10O A NIBIBALYAL I

astursiund Jupddiys 19100

JBUTBIU0D AIBPUOIDY Buryoeg
Buos g

10m|8IN00 LIBMETY (TeyryI)

SUINIOA

L340 40 Ut ()¢ JO §2WNI0A U IDLLaIDUE Lo f 8a0Dy0nd 0 U0 dIL089 I— AT WISV,

2 pus
018 (18

FEDERAL REGISTER, VOL 41, NO. 131-—WEDNESDAY, JULY 7, 1976

[39]



27940

DEPARTMENT OF HEALTEH, EDUCATION, AND WEL~
FARE; PUBLIC HEALTH SERVICE; CENTER FOR
Disease CONTROL; ATLANTA, GEORGIA 30333;
TELEPHONE: (404) 633-3317, ExT. 3883

TITLE 42--~PURLIC HEALTH; CHAPTER I—PUBLIC
HEALTH SERVICE, DEPARYMENT OF HEALTH,
EDUCATION, AND WELFARF; SUBCHAPTER F—
QUARANTINE, INSPECTION. LICENSING, PART
72—INTERSTATE QUARANTINE; SUNPART - C—
SHIPMENT OF CERTAIN THINGS

Section 72.25 of Part 72, Title 42, Code of
Federal Regulations, is amended to read as
follows:

§72.25 Etiologic agents.

(a) Dejfinitions. As used iIn this section;

(1) An *“etiologic agent” means a viable
microorganism or its toxin which causes. or
may cause, human disease.

(2) “diagnostic specimen” means any hu-
man or animal material including, but not
limited to, excreta, secreta, blood and its
components, tissue, and tissue fluids being
shipped for purposes of diagnosis.

(8) A “biological product” means a bio-
logical product prepared and manutactured
in accordance with the provisions of 9 CFR
Part 10, Licensed Veterinary Biological Prod-
ucts, 42 CFR Part 73, Licensed Human Bio-
logical Products, 21 CFR 130.3, New drugs
Jjor investigational use in humans, 9 CFR Part
103, Biological Products for Experimental
Treatment of Animals, or 21 CFR 130.3(a),
New drugs for investigational use in animals,
and which, in accordance with such provi-
sions may be shipped in interstate traffic.

(b) Transportation; etiologic agent mini-
mum packaging requirements. No person
may knowingly transport or cause to be
transported in interstate traffic, directly -or
indirectly, any material, including but not
limited to, diagnostic specimens and biologi-
cal products, containing, or reasonably be-
lieved by such person to contain an etiologic
agent unless such material is packaged to
withstand leakage of contents, shocks, pres-
sure changes, and other conditions incident
to ordinary handling in transportation,

(¢) Transportation; etiologic agents sub-
ject to additional requirements. No person
may Eknowingly transport or cause to be
transported In interstate traffic, directly or
indirectly, any material, other than diag~
nostic specimens and biological products,
contalning, or reasonably believed by such
person to contain, one or more of the fol-
lowing etiologic agents unless such materiai
1s packaged in accordance with the require-
ments specified in paragraph (b) of this
section, and unless, in addition, such ma-
tertal is packaged and shipped In accordance
with the requirements specified {n subpara-
graphs (1)-(6) of this paragraph:

1The requirements of this section are in
addition to and not in lieu of any other pack~
aging or other requirements for the trans-
portation of etiologic agents in Interstate
traffic prescribed by the Department of
Transportation and other agencies of the
Federal Government. .

NOTICES

BACTERIAL AGENTS

Actinobacillus-—all species,

Aridona hinshawii—all serotypes

Bucillus anthraeis,

Bartonella-—all species,

Bordetella—all species.

Borrelia recurrentis, B, vinconii

Brucella-—all species.

Clostridium  botulinum, Cl. chauwvoel, Cl
haemolyticum, Cl. histolyticum, Ci. novyi,
Cl, septicum, Cl. tetani.

Corynebacterium diphtheriae C, equi, €.
haemolyticum, . pseudotuberculosts, C.
wpyogenes, C. renale.

Diplococcus (Streptococeus) prneurnoniae.

Erysipeloihriz insidiosa.

kscherichia coll, all entercpaihogenic serc-’

types.
Francisella (Pasteurella) tularensis,
Haemophilus ducreyi, H. influenzqe.
Herellea vaginicola.
Hlebsiella—all species and all serotypes
Leptospira interrogans—all serotypes.
Listeria—all species.
Mima polymorpha.
Morazella—all species,
Mycobacterium—all species. .
Mycoplasma—all species.
Neisseria gonorrhoeae, N. meningitidis
Pasteurella—all species.
Pseudomonas pseudomalled.
Salmonella—all species and all serotypes.
Shigelia—all species and all serotypes.
Sphaerophorus necrophorus.
Staphylococcus aureus.
Streptobacillus moniliformis.
Streptococcus pyogenes.
Treponema careteum, T. palliduin. and T.
pertenue. .
Vibrio fetus, V. comma, including biotype
El Tor, and V. parahemolyticus.
Yersenia (Pasteurelle) pestis.

PUNGAL AGENTS

Actinomycetes (including Nocardia 3pecies,
Actinomyces species and Arachnig propi-
onica).

Biastomyces dermatitidis.

Coccidioides immitis.

Cryptococcus neoformans.

Histoplasma capsulatum.

Paracoccidioides brasiliensis.

ViRAL, RICKETTSIAL, AND CHLAMYDIAL AGENTS

Adenoviruses-——human—all types.

Arboviruses. .

Coziella burnetii.

Cozsackie A and B viruses—all types,

Cytomegaloviruses.

Dengue virus.

Echoviruses—all types.

Encephalomyocarditis virus.

Hemorrhagic fever agents, including Crimean
hemorrhagic fever (Comgo), Junin, and
Machupo viruses, and others ag yet un-
defined.

Hepatitis-associated antigen.

Herpesvirus—all members.

Infectious bronchitis-like virus.

I'nfluenza viruses—all types,

Lassa virus.

Lymphocytic choriomeningitis virus.

Marburg virus.

Measles virus,

Mumps virus,
Parainfluenza viruses—all types.
Polioviruses=—all types.

Pozviruses-—all members,

Psittecosis-Ornithosis-Trachoma-Lymphe-
granuioma group of agents. .

Rabies virus-—all strains.

Reoviruses—all types,

Respiratory syneytial virus

Rhinoviruses—all types.

Rickettsia—all species.

Raubella virus..

Simian viruses—all types.

Tick-borne encephalitis virus complex, in-
cluding Russian spring-summer encepia-
litis, Kyasanur forest disease, Omsk hemor=«
rhagic fever, and Central European en-
cephalitis viruses.

Vaceinia virus.

Varicella virus.

Variola mejor and Variole minor wiruses

Vesicular stomatis virue.

Yellow fever virus.

(1) Volume less than 50 mi. Material
shall be placed in a securely closed, water-
tight container (primary container (test

' tube, vial, etc.)) which shall be enclosed in

a second, durable watertight container {sec~
ondary container). Several primary contain-
ers may be enclosed in a single secondary
countainer, if the total volume of all the pri-
mary containers so enclosed does not exceed
50 ml. The space at the top, bottom, and
sides between the primary and secondary
containers shall contain sufficient nonpar-
ticulate absorbent material to absorb the
entire contents of the primary container(s)
in case of breakage or leakage. Each set of
primary and secondary containers shall then
be enclosed in an outer shipping container
constructed or corrugated fiberboard, card-
board, wood, or other material of equivalent
strength.

(2) Volume 50 ml. or greater. Packsging
of materlal in volumes of 50 ml, or more
shall include, in addition, a shock absorbent
material, in volume at least equal to that of
the absorbent material between the primary
and secondary containers at the top, bottom,
and sides between the secondary container
and the outer shipping container. Single
primary containers shall not contain more
than 500 ml. of material. However, two or
more primary containers whose combined
volumes do not exceed 500 ml. may be placed
in a single, secondary container. Not more
than eight secondary shipping containers
may be enclosed In a single outer shipping
container. (The maximum amount of etio-
logic agent which may be enclosed within s
single outer shipping contalner shall not ex-
ceed 4,000 ml.)

(8) Dry ice. If dry ice is used as a refrig-
erant, 1t must be placed outside the second-
ary container(s). If dry ice is used between
the secondary container and the outer ship-
ping container, the shock absorbent material
shall be s0 placed that the secondary con-
tainer does not become loose inside the outer
shipping container as the dry ice sublimates.

(4) Labels. The label for Etiologic Agents,
Biomedical Material, except for size and color,

roust be shown:
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ETIOLIGIC AGENTS

BIOMEDICAL
MATERIAL
IN CASE QF DAMAGE
© GRLEAKAGE
NOTIEY DIRECTOR. CDC

' ATLANTA. GEGAGIA
404/6335313

(i) The color of material on which the label
is printed must be white and the symbol and
printing in red.

(il) The label must be a rectangle meas-
uring 51 mm. (2 inches) high by 102.5 mumn.
(4 inches) long.

(ili) The red symbol measuring 38 mm.
(1Y% inches) in diameter must be centered
in a white square measuring 51 mm. (2
inches) on each side.

(iv) Type size of the letters orf iabel shall
be as follows:

ETIOLOGIC AGENT . _____.. 10 pt. rev.
BIOMEDICAL MATERIAL. ... 14 pt.
IN CASE OF DAMAGE OR
LEAKAGE i 10 pt. rev
NOTIFY DIRECTOR CDC AT-
LANTA, GA_ 8 pt. rev.
404 633 5313 e 10 pt. rev.
(5) Damaged packages. Carriers shall

promptly, upon discovery of damage to the
package that indicates damage to the pri-
mary container, isolate the package and no-
tify the Director, Center for Disease Control,
1600 Clifton Road NE., Atlanta. GA 30333
(telephone (404) 633-5313), and the sender.

(6) Registered mail or equivalent system.
Transportation of the following etiologic
agents shall be by registered mail or an
equivalent system which requires or provides
for sending notification to the shipper imme-
diately upon delivery:

Actinobacillus mallet.

Coccidioides immitis.

Francisella (Pasteurella) tularensis.

Hemorrhagic fever agents, including. but not
limited to, Crimean hemorrhagic fever
(Congo), Junin, Machupo viruses.

Herpesvirus simiae (B virus).

Histoplasma capsulatum.

Lassia virus.

Marburg virus.

Pseudomonas pseudomallei.

Tick-borne encephalitis virus complex. In-
cluding, but not limited to, Russian spring-
summer encephalitis, Kyasanur forest dis-
ease, Omsk hemorrhagic fever, and Central
European encephalitis viruses, Variola
minor and Variola major.

Yersenia (Pasteurella) pestis.

(d) Notice of delivery; failure to receive.
When notice of delivery of agents containing,
or suspected of containing, etiologic agents
listed in paragraph (c) (6) of this section is
not received by the sender within 5 days fol-
lowing anticipated delivery of the package,
the shipper shall notify the Director, Center
for Disease Control, 1600 Clifton Road NE.,
Atlanta, GA 30333 (telephone (404) 633—
5313).

(e) Requirements; wvariations. The Ad-
ministrator may approve variations from
the requirements of this section if, upon re-
view and evaluation, he finds that such varia-
tions provide protection at least equivalent
to that provided by compliance with the re-
quirements specified in this section and
makes such findings a matter of official
record.

(Sec. 361, 58 Stat. 703; 42 U.S.C. 264)

[FR Doc.72-9887 Filed 6-29-72;8:45 am]

Effective July 30, 1972
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The lnterstate Quarantine Regwlativas 142 CFRL Purt 72.20
Etiologic Agents) was revised July 31, 1972 tu provale toe

Tur enolugie ageaty dnd

certain other materials shipped 1n interstate tradhic,
ET|0L0GIC Figures 1 and 2 (ﬁ:\g‘vum the packagmng and fabefing of elia
logic agents in volumes of less than 50 mf. aceordance witfs

the pravisions of subparagraph (C} (1} of the aited reyuiition,
Figure 3 Hlustrates the color and size of the fubet, deserbuc

in subparagraph {C} (41 of the reguiations, whish shail be
affixed to all shipments of etiologic agents. :

Lty

of thy rey

For further inf
comtant;
WATER PAOOF:
1APE
ABSORBENT
PACKING
MATERIAL
FIGUAE)

0

CROSS SECTION
QF PHOP{R PACKING

PACKAGING AND LABELING OF ETIOLOGIC AGENTS

P———MAILING LABEL

For further information on any provision of this reguiation contact:

Center for Disease Control
Attn: Biohazards Control Office
1600 Clifton Road

Atlanta, Georgia 30333

Telephone: 404633-3311
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Center for Disease Control
Attn: Biohazards Control Gilwe
1600 Chfton Rant

Atianta, Geurpas 30333

Telephone: 404

¢33 3411

ETIOLOGIC AGENTS

BIOMEDICAL
MATERIAL

QUTER SHIPPING CONTAINER

ETIOLOGIC AGENT LABEL

The Interstate Quarantine Regulations (42 CFR, Part
72.25, Etiologic Agents} was revised fuly 31, 1972, ta
provide for packaging and labeiing requirements for etia
fogic agents and certain other materials shipped in inter-
state traffic, The illustration shows acceptable packaging
and labeling of etiologic agents in accordance with wuf.
_ paragraphs (c} (2} and (4} of the cited cegulation.

dt_num_v{ GIRECTOR, £OC

SHOCK ABSORBENT MATERIAL

IN.CASE OF DAMAGE
OR LEAXAGE

T ATLANTA GEGAGIA
404/6335313 ¥

ABSORBENT PACKING MATERIATL

PRIMARY CONTAINER (Bottle, blvod bug, c1c.]”

*NOTE: Single primary containers may not exceed 500
ml. of material. Two or more primary containers whose
combined volumes do not exceed 500 mi. may be en-
closed in a single, secondary container, The maximum
volume of etiologic agent which may be enclosed in a
single outer shipping container shail not exceed 4000 mi.,

SECONDARY CONTAINER (Gusketed screwcap
with waterproof tape or hermetically sealed can}
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XI. TRAINING AIDS, MATERIALS AND COURSES

A. Slide-Tape Cassettes

1. Assessment of Risk in the Cancer Virus
Laboratory ($10).

2. Effective Use of The Laminar Flow Bi-
ological Safety Cabinet ($10).

3. Formaldehyde Decontamination of Lam-
inar Flow Biological Safety Cabinets ($10).

4. Certification of Class II (Laminar Flow)
Biological Safety Cabinets ($13).

5. Hazard Control in the Animal Labora-
tory ($10).

6. Basic Principles of Contamination Con-
trol (In preparation).

7. Selection of a Biological Safety Cabinet
(In preparation). These slide tape cassettes
are available for purchase from the National
Audiovisual Center. The price for each is
given above after the title. Send your order
prepaid with a check or money order made
payable to National Archives Trust Fund and
mail to: Sales Branch, National Audiovisual
Center (GSA), Washington, D.C. 20409.

8. Research Laboratory Safety. This slide
tape cassette, stock number 176.79, is avail-
able for $75 from the National Safety Coun-
cil, 425 North Michigan Avenue, Chicago,
Tllinois 60611,

B. Films

1. Air Sampling for Mierobiological Par-
ticulates (M-028),

2, Handling the Laboratory Guinea Pig
(T2618-X).

3. Handling the Laboratory Mouse (T2617-

).

4. Infectious Hazards of Bacteriological
Techniques (M-382).

5. Laboratory Design for Microbiological
Safety (M-1091). .

6. Plastic Isolators: New Tools for Medical
Research (M-599).

7. Safe Handling of Laboratory Animals
(M—455) .

8. Surface Sampling for chroorgamsms
{(Rodac Method) (M-924),
~ 9. Surface Sampling for Microorganisms
(Swab Method) (M-925).

These films are available on loan without
charge from: Media Resources Branch, Na-
tional Medical Audiovisual Center (Annex),
Station K, Atlanta, Georgia 303.‘34.

The same films (except 2 and 3) can be
rented or bought from: National Audiovis-
ual Center (GSA) (Rental Branch) =(Sales
Branch), Washington, D.C. 20409,

C. Courses

1. Biohazard and Injury Control in the
Biomedical Laboratory. Presented by the
University of Minnesota, School of Public
Health and the National Cancer Institute,
Office of Research Safety. Direct inquiries to
Dr. Donald Vesley, University of Minnesota,
School of Public Health, 1325 Mayo Memo-
rial Building, Minneapolis, Minnesota 55455.
June 22-24, 1976, Los Angeles, CA; October
26-28, 1976, Boston, MA; December 7-9, 1976,
Bethesda, MD.

2. Biohazard Containment and Control for
Recombinant DNA Molecules. Presented by
the University of Minnesota, School of Pub-
lic Health and the National Cancer Institute,
Office of Research Safety. Direct inquiries as
above. September 8-9, 1976, Stanford, CA:
September 21-11, 1976; Cold Spring Harbor,
NY.

3. Safety in Laboratory. Presented by Na-
tional Institute of Occupational Safety and
Health, Division of Training and Manpower
Development, by special arrangement. Rob-
ert A, Taft Laboratories, 4676 Columbia Park-
way, Cincinnati, Ohto 45226,

4. Laboratory Safety Management. Present-
ed by the Laboratory and Training Division,
Bureau of Laboratories, Center for Disease
Conitrol, Atlanta, Georgia. September 14-16,
1976, September 13-15, 1977.
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XII. OUTLINE OF A SAFETY AND OPERATION
MANUEL FOR A P4 FACILITY

A. Purpose
B. Policy
C. Responsibility and Authorzty
Management.
. Supervisor.
. Each Employee.
. Facility Safety Officer.
. Biohazard Safety Committee.
D. Facility Assignment Procedures
E. Reporting of Major and Minor Accidents
and Injuries, Exposure to Toxic or In-
fectious Materials, Unsafe Conditions
and Property Damages, and Rendering
First-Aid
F. General Laboratory Safety
. Fire.
. Equipment.
. Physical.
. Chemical.
. Radiological.
G. Safety Procedures . Associated with Bio-
hazard Activities of the Laboratory
1. Personnel Practices.
2. Operational Practices.
H. Medical Surveillance
I. Facility Operations
1. Personnel Access Procedures.
2. Access Procedures for Equipment Mate-
riais and Supplies.
3. Maintenance and Support.
4. Zone Classification.
5. Facility Monitoring Procedures.
6. Housekeeping.
J. Others .
1. Packaging and Shipment of Biohazard-
ous Materials.
2. Emergency Procedures.
3. Insect and Rodent Control.
4. Orientation and Training.
Appendix D was prepared by a Working
Group Consisting of :

W. Emmett Barkley (Chairman), National
Cancer Institute, NIH.

Manuel S. Barbeito, National Cancer Insti-
tute, NIH. .

Everett Hanel, Jr., Frederick Cancer Research
Center. B

George S. Michaelsen, School of Public
Health, University of Minnesota.

Vinson R. Oviatt, Division of Research Serv-
ices, NIH.

Warren V. Powell, Division of Research Serv-
ices, NIH.

John Richardson, Center for Disease Control.

James F. Sullivan, Natlonal Animal Disease
Laboratories.

Arnold G. Wedum,
search Center.
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